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JANUARY, 1840. 


'XXXIII. On the connexion between Electricity and 
Vegetation. By Thomas Pine, Esq., Maidstone* 

v 

• Reflecting on (he known properties of the electric fluid, 
and the suitability of plants in their relation to the surround¬ 
ing elements to receive its influence, I was led to regard it as 
highly probable that vegetation depends much on this prin- 
ple. From the experiments of Mr. Cavallo, as recently 
confirmed by those of Mr. Sturgeon,! I had learnt that the. 
air is in a constant state of positive electricity; hence it 
seamed reasonable to conclude that the acute extremities of 

•plants in a living growing state, must be constantly imbibing 
some portions of the fluid, and introducing it into their sub¬ 
stance. I expected that their attractive energy mu,st be con¬ 
siderable, as the mutual arrangement has much the appearance 
of an immense apparatus in constant operation; and was 
strongly cofifirmed in my conclusion by observing that a 
common blade of grass, when presented to the prime 
conductor of an electrical muvjhine, gave evident proofs of a 
more potent attractive and conducting power than appeared 
in a corresponding metallic point; the fluid appearing to flow 
toward it with less obstruction, with a more uniform current, 
exhibiting a much brighter light, and considerably greater 
distances. In some experiments made inSrhe month of June, 
a metallic point and a vegetable point being held equidistant 
from the pfyne conductor, the vegetable point continued to 

* Communicated by die Author. 

+ Mr. Sturgeon favoured mfi with a most obliging letter contain¬ 
ing ample evidence from his numerous experiments both of the 
general fact and of many interesting particulars relating to the 
subject, the contents of which, I trust, will appear in continuation 
of the above statement. 

Voi.. I V.—No. 22, January, 1840. S 
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be illuminated till it had reached at least lour times lhc«dis- 
tanee at which the metallic point ceased to exhibit any light, 
that is at the distance of ;'bout fourteen feet. A correspond¬ 
ing effect attends the pas ;ing of the contents of*a charged jar 
through a vegetable poiti*; as in this ease, the human body 
being a part of the circuit, the jar will be discharged with 
almost no perceptible effect on the animal frame, t yet leaving 
hardly any residuum; whereas if a metallic point be employed, 
the shock will be more sensibly felt, and the residuum more 
considerable. 

Hence it. follows that vegetable points must be acting with 
a great and continued energy upon the electricity of the 
atmosphere, either in imparting to it the electric matter which 
it uniformly contains, or in imbibing the fluid from the at¬ 
mosphere, which must he as constantly afforded to it frAm 
some other source. Tin latter conclusion appears by far the 
more probable ; since it is impossible to account for continual 
supplies of electric fluid from an earth in a constant state of 
negation with respect, to its atmosphere; whereas the at¬ 
mosphere is constantly receiving solar rays which possess 
some if not all the properties of electric matter. There are 
so many points of resemblance, if not identity, between the 
phenomena respectively ascribed to light, caloric, and electri¬ 
city, that much fewer difficulties will probably he found to 
attend the hypotheses that they are hut different effects, 
arising from one common cause or source, than from the con¬ 
clusion that they are produced by so many distinct, yet all- 
pervading, fluids. If the hull of a thermometer be electrified, 
by first moistening it for an exterior coating, while the in¬ 
terior coating is formed by the mercury, a stream of light will 
shoot through the vacuum to the summit of the tube, showing 
that the fluid is essentially luminous. I sit not then essentially 
the same with light, an{l does not the latter possess electrical 
properties in common with the former? If this he admitted, 
it appears to me that vegetation, through every stage of its 
progress, from the germinating seed to the full grown and 
perfected plant, will he found admirably to accord with such 
influences from the sun, whether by his direct rays, or through 
the instrumentality of the air and vapours. 

The several varieties of form and properties to which 
plants are subjected in their progress, seem adapted to cor¬ 
responding electric influences from the respective elements.* 

* I venture to use the old term, n6t having a better, to designate 
the principal divisions of our atmosphere, though two of them are 
now well lcnown to be compound bodies. 
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Thu*. the seed in the loosened soil, the pointed germ issuing 
from it?* surface, and the bud on the branthing tree, appear 
peculiarly fitted by their acute rigiiRextremilies to receive the 
exciting influences of an electrified Air, which, by its gradual 
swell' and agitated movements, in fthe early spring season, 
presses agaiYist. jhem continually in successive eddies, con- 
vey ing to e;ylf of tliem some of its electric matter. It appears 
to me l^iat this siyiple principle, in conjunction with an 
occasioned supply of the saihe fluid from vapours, together 
with their moisture, will in a considerable degree account for 
the first excitement and germination of plants; especially 
when it is considered that every preparation seems made for 
adapting the atmosphere thus to act on *ihe embryo plants at 
'this season. Freed from vapours by the condensing effects of 
cold in the preceding winter, it is now in a peculiar slate of 
dr)ness; and now the glancing rays?>f the sun accumulate in 
if and render it strongly electrical. This accumulation must 
he much favoured by the absence of foliage in the larger and 
more vigorous parts of the vegetable kingdom at this crisis; 
lor the transpiration of moisture from the expanded leaf neu¬ 
tral iz.es myriads of solar rays, and charges the atmosphere 
with vapours; hut, in consequence of the whole class of 
indigenous plants presenting nothing hut. minute buds from 
their ramifying branches, no rays are neutralized, and no 
•valours are formed, from them. Consequently iyjl those rays, 
which would otherwise have been thus neutralized, are left 
floating electrically in the pure air, or entering ihf pores in 
small portions, seryc a little to rjyse its temperature and 
swell jts volatile, and so to aid the general effect. 

'A'hat the "rays of the sun entering the atmosphere at this 
season, at acute angles with the earth, must tend considerably 
to cause them to lodge and accumulate in the strata above 
in the form of electricity seems evident in itself, and to 
receive confirmation from the very liyge accumulations of it 
in the polar regions at the perio.ls when the sun is at his 
greatest distances from the zenith of the respective poles; 
for to what more probable cause can these* agfeeable and 
welcome lights he ascribed, but. to a very l$rge portion 
of the almost parallel rays resting in the higher and more 
attenuated regions qf the afmosphere in those quarters; 
and thus in some degree administering the several benefits of 
light, warmth, and electricity, to those otherwise deserted 
parts of the globe ? llut we are not left to conjecture as to 
the fact, Mr. Sturgeon having' generously informed me, as 
the result of his numerous atmospherical experiments, that 
ttie strongest electricity exists in the air at this season, and 

’• *S 2 
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under the influence of those cold drying winds hy which ct is 
distinguished: and this is in entire conformity with the 
observations I have occasionally made. The following ex¬ 
periment will tend to show its influence on vegetation. 

On the gStli of April l j lowed mustard seed in simila? soils, 
contained in two jars, one electrified positively, the other 
negatively. The covers being removed they were both left 
open to the action of the atmosphere. In/our days the plants 
appeared in both jars, but those in the negative far were 
the most advanced; while no plants appeared till about two 
days later from a,similar sowing at the same time, unelectri¬ 
fied. On the Pith of May the plants in the negative jar had 
grown to 2 j inches, those in the positive jar to inches, in 
height; those unelectrified rather remaining in the ordinary * 
state to 1 £ inch. The electrified plants were vigorous ahd 
flourishing in proportion to their height. This result in 
favour of the plants negatively electrified must have arisen 
chiefly from the re/at ire superiority of electric matter in the 
atmosphere ; in the case of those positively electrified the 
absolute quantity was increased, but the relative difference 
between those and the atmosphere somewhat reversed. Hence 
it appears that, while much depends on electric influence, its 
positive state in the atmosphere as contrasted with the soil 
operates most, effectually on vegetation. The difference of 
more than I 13 .ll' in height in favour of the former, above those*, 
in the natural state, strongly encourages the conclusion that 
the const-ant accessions of electric fluid in the atmosphere 
at the spring of vegetation constitutes its influence, and that 
on the degrees of that influence depends in a great measure 
the rapidity and vigour of its rise and progress.' A medical 
electrician, residing in this town, acquainted me with, the 
following particulars:—A narcissus plant when in a very weak 
and languishing state being placed in the room in which his 
powerful machine was kept in frequent action, soon began to 
show signs of extraordinary vigour; it grew to the height of 
36 inches, and was stout and luxuriant in proportion. Some 
branches of the moss rose, and various other flowers in the 
room, retained their colours while the seeds were forming, 
during about five weeks, and at length droppecLoff without 
losing their freshness. Thesis and some other particulars 
which he related to me, on the correctness of which I have 
reason to rely, show the vast advantages that might be 
expected to result from a continued powerful electricity in the 
atmosphere, accompanied with a suitable temperature and 
dryness. If a plant can be made to expand to thrice its 
ordinary dimensions, by an artificial increase of positive elce- 
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tricity, and that in a confined situation, \vhore the direct rays 
of tlie sun could hardly exert their ordinary influence, how 
important must he the operation of this principle, in propor- 
tion as it should seem, to the degrees 111 which it obtains! 
I»ut it t must he by the proper unionnvf its several properties of 
light, heat,,and electricity combined, that its greatest and 
most salutary efihets on plants are produced; amt accordingly 
by far the fichest and most copious productions of the vege¬ 
table kingdom are found in, those climes in which the solar 
beams aie mo.it abuiidaiUly distributed. A very satisfactory 
proof of the electric opeiaiion of those beams appears in the 
following extract from the Atlas, to which*! was referred by 
my valued friend and coadjutor, Mr. Wcekes. “ JKor the double 

* purpose of ascertaining the power of spines in modifying 
tlw? electric relation of the atmosphere and the earth, and in 
effecting the progress of vegetation ^y (heir electric influence, 
jjrl. Astier insulated a sextuple spine pf the gleditzin triacan- 
thns at the top of his house, and brought a wire to it from an 
insulated pot, in w'hieh were planted five grains of make: a 
similar sowing was made in an uninsulated pot, lor the purpose 
of comparison. The experiment continued from the Oth to 
the 20th of -June, including two stormy days. The electro¬ 
meter gave considerable signs of electricity in the flower pot, 
and, by using the condenser, sparks were produced. The 
electrified grains were found to pass more rapidly through the 

* first stages of vegetation. When llengal-rose tJfees were sub¬ 

mitted t<J the same experiment, the flowers of the electrified 
plant appeared more rapidly and more abundantly than in the 
other case.” • • 

I trust it will have sufficiently appeared from the above 
statements that the commencing stages of vegetation are in 
a gteat degree caused or promoted by the influence of the 
electric fluid which is lodged in the dry air of our atmosphere 
at the season of germination. Additional evidence is, no 
doubt, highly desirable, and experiments of a more decisive 
and interesting character could easily he devised were the atten¬ 
tion of those who have good opportunities of cqunecting the 
cultivation of plants with electrical inquiries more particularly 
directed te the subject. With respect to my leading position 
of the superior conducting efficacy of vegetable points, and 
their extensive influence on atmospheric electricity, the most 
accurate scientific proof \fill be seen in the annexed very 
obliging and gdmirable letter of Mr. Weekes. And l have 
only te add, on this head, that otir correspondence took its 
rise from some hints he had received concerning my humble, 
f>ut I trust not unimportant, discovery, and the inferences 1 
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was Loginning to deduce from it. The ardour with which he 
engaged in the inquiry will best appear from his own sfale- 
ments, from whieft I shall no longer suspend the attention of 
your readers; only congratulating them on his recent discovery 
of the decomposition of water by vegetation, as related by him 
in the last Number but one of these valuably Annals of 
Electricity; a discovery which must form q Most interesting 
addition to general science, as well as much* assist our 
researches into the principles of # vegetati®n. 

( To be continued.*') 


Sandwich, May 31, J v 2^. 

Dear Sir, 

Various circumstances have united to occasion a tedious 
delay in our correspondence since I last addressed you, and 
promised an investigation of your ingenious theory of electri¬ 
city. However, I find I have by no means had too much 
time for a fair and impartial examination of the subject, the 
interest of which, to me, has been such as to excite experi¬ 
ment far beyond my intentions at the outset. The final 
result iu my mind is an entire conviction that your opinions 
are well founded, and have stood the test of the severest trials 
to which they could he subjected. The vast superiority of 
vegetable ovfcr metallic points in the di awing oil' and accumu- c 
lating electric matter, is, I conceive, a subject of great interest 
and importance. A coated jar having 40 inches of metallic 
surface was repeatedly . discharged by* the activity of a 
vegetable point in 4 min. 6 sec.; while the samc.jar charged 
to the same degree, required 11 min. IS sec. to free it from 
its electric contents by means of a metallic point: the points 
in both cases being equidistant. 1 find also that Pencil's 
gold leaf electroscope (ft delicate instrument) is powerfully 
ati'eeted by a charged jar, at the distance of nearly 7 feet, 
when the brass cap of the instrument is furnished with a 
branch of the shrub called butcher's broom, and which I have 
found of great use in my experiments. The same delicate 
instrument when mounted with pointed metallic wires is not 
perceptibly aft'ected until the charged jar approaches to within 
2 feet of the cap. I must not think of troubling you with the 
details of all that I have been aboftt as regards this investiga¬ 
tion; but one circumstance has proved too pleasing to be 
wholly omitted. • ", 

Let a, b, c, fig. 1, Plate VI, represent a lafge street lamp 
in an inverted position, mounted with a brass cap d, through 
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which passes a stout wire e.f\ having a brass kno*b at f } and a 
pair*ol‘ small pith balls attached to the A ire just above the 
knob. ^ is a portable stand with two metallic discs, one on 
each side ol'the wire and rising to a level with the pith balls. 
h is a small branch of the'butchor’g broom fixed by a twine 
to I he* upper extremity of the wirft e f. This apparatus 1 
have for many wcqjks past had in almost daily use, nor can I 
express the pleasure it has alforded to myself and friends by 
its fre<|iio»it indications of atmospheric electricity; for, armed 
with your vegetable tf.etect.ors, it has shown symptoms of 
electiicily by the passing of clouds at a great altitude, and 
under various other circumstances in which electrometers 
with metallic points placed by its side gave no indications 
.whatever. 'This appears to me so decided a proof of the 
superiority of vegetable conductors, that it admits of no con¬ 
tradiction. 

The correctness of your opinions Respecting the influence 
of electricity upon the growth of plants, appears to me to be 
sufficiently proved by the following experiments. Two small 
flower pots filled with rich mould were taken for the purpose 
in doors. A few grains of mustard seed were sowed in each; 
both were kept gently watered, but one pot was insulated 
and frequently electrified under circumstances which kept it, 
as it were, in an electrical atmosphere. The other pot had 
n& such attention showm to it, and the result proved what you 
•probably would anticipate. The vegetation of the electrified 
seeds appeared several days before the others, and continued 
afterwards to grow with a much greater degree of vigour. As 
a lover of science you can easily iiqpgine the pleasure these 
pursuits hav.e*yielded, and to this has succeeded an anxious 
deSire that you should speedily assert your claims, or I appre¬ 
hend you will los6 your just title to originality. I send you an 
extract which lately fell in my way; the perusal ot*whieh I 
hope will put you on the alert. The«sxtract is from Taylor’s 
“ System of Philosophy,” in whicli the author has written a 
great deal of downright nonsense; but still it appears he had 
somewhere obtained a glimpse of the same opinion by which 
you are animated on this subject. 

“ The leaves of plants act as so many spicula to attract the 
electricity <Jf the air and solar rays ; hence very high trees are 
so many natural conductors,* attracting a vast quantity of 
electric fluid, and, consequently, put forth a luxuriance of 
foliage proportionate thereto.” Review of Books. Quarterly 
Journal of Science, October, 1826. 

You seeby those approaches towards your theory and facts, 
3 jou ought to lose no time in securing the just praise of origin- 
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ality, to which you arc doubtless entitled. My health being t 
now perfectly restored I am very actively engaged, or I could 
willingly have written at greater length, but must conclude 
with saying, • 

, .1 am, dear sir, 

I Very faithfully yours, 

WKKKKS. 

To Thomas Pine, Ksq. • 


• Woolwich, Dec. 2d. 1K32« 

My dear Sir, 

It is with a very great deal of pleasure that I have read 
your letter stating your intention of publishing your views on 
some of the most interesting phenomena of nature, and permit 
me to acknowledge that I feel much honour by your selecting 
my humble authority in giving assistance to your efforts; 
and I can assure you that nothing shall be wanting on my 
part, as far as experience has enabled me to draw conclusions, 
to forward your very laudable object 

In the first place, then, I perfectly agree with you, as to 
the solution of the results of Sir H. Davy’s experiments on 
corn; for the positive pole of a voltaic battery would supply 
the animating electric fluid to the germinating seed in pie- 
cisely the ?,ame manner that nature supplies it from the 
atmosphere to the ground. As Sir Humphrey does not state 
from what “ experiments made on the atmosphere” he draws 
his conclusions “ that ^louds are usua]ly negative,” 1 am 
unable to form any opinion respecting them. But I nn^st beg 
permission to state, that such a conclusion is quite at varirfhee 
with the results of my experiments. It is true 1 have obtained 
negative charges at the kite string, but the instances are very 
few indeed. Those which did occur were only whilst Heavy 
clouds passed over the kite ; the indications, both before and 
after the clouds’ transit, being invariably positive. And even 
in those temporary exhibitions of negative electricity, I am 
very far frtnn concluding that the clouds themselves were 
negatively ejcctric. The indications were those of the kite, 
which was floating much lower than the clouds :*and the air 
vicinal to the kite was cons’iequcntly.the only part of the 
atmosphere explored during each experiment, which air pro¬ 
bably became negative or deprived of most of its natural elec¬ 
tricity by the repulsive force of the accumulated electric 
matter in the positively charged clouds. This assertion can 
hardly be construed into “begging the question” or “strain- 
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mg a point;” because such phenomena arc easily produced by 
experiment and must necessarily frequently occur in nature. 

To ascertain directly, the electric state of clouds, the kite 
ought to be irfmicrsed immediately in those we wish to explore. 
Mo such experiments have yet been made. 1 am of opinion 
that my kites have been nearer to thfc clouds than any hitherto 
employed for experiments of this kind. Many experimenters 
have contented themselves with 400 or 500 yards of siring, 
and others have draVn then: conclusions without employing 
any kite in their experiments, from experiments made with 
an apparatus not much longer nor very unlike an Angler’s 
Rod!!! The results which I have obtained from about 300 
experiment^, at nearly all seasons of the. year, and at ail times 
1 of the day, and many at night, induce me to believe that the 
getteral electric state of the atmosphere, with its contained 
clouds, vapours, &e., is, with reference to the earth, positive. 
1/or, notwithstanding those very rare aberrations from the 
general results which I have noticed at the kite string during 
the transit of a fleeting cloud, they appear to me (in the way 
which I think they operate) to be favourable than otherwise 
to the conclusions at which I have arrived. Moreover, I find 
from experience, that bodies generally, when in, what is usually 
called, their natural electric state, have not an equable dis¬ 
tribution of the electric matter on every part of their surfaces; 
but, on the contrary, that each individual body or substance, 
when in this, its natural state, exhibits different electric ten¬ 
sions on various parts of its surface. So it is in the atmos¬ 
phere, that at different times, and at different altitudes at the 
same time, different electric tension's are exhibited. 

, Afi electrical phenomena are relative, and consequently all 
our calculations respecting them, have no other basis but the 
eve*r varying degrees of those relations. But, notwithstanding 
the-variations in the extent or degrees of those relations, the 
relations themselves appear to be J constant and uniform. 
Therefore I conclude generally (and my conclusions are from 
direct experiments) that the atmosphere, taken as a whole, is 
constantly in an electro-positive state with reference to the 
earth; and that in the atmosphere itself, the upper regions 
are constantly electro-positive with reference to all those 
situated nearer to the surface-of the earth. The strata of air 
near to the earth’s surface are therefore in an intermediate 
state of electricity with reference to the upper strata and the 
body of the earth, the earth itself being negative to the whole. 

These results, my dear sir, are, in my opinion, of a very 
decisive character ; and if you deem them of sufficient im- 
-portance to be taken into consideration whilst framing your 
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theory of electro repetition (pardon me for inverting the term . 
“ vegetable electricity ”) they are quite at your sen ice; and 
if you are desirous*of stating the authority, you arc perfectly 
at liberty to do so. • 

'Whilst writing this lqtter (between six and seven in the 
evening) a tremendous thunderstorm passed over this" place. 
Half an hour before, the sky was quite clyaf, the moon and 
stars shone with great lustre. • 

I am, Dea^ Sir, • # # 

\\ ith very*great respect. 

Yours very truly, 

• VV. STURGEON. 

To Thomas Pine, Etyp 


XXXIY. On the Colours of Mired Plates. lip Si it David 
Brewster, A. Or.II. I'.ll.S .* % 

Received October 25,—Read December 14, 1837. 

The colours of mixed plates were discovered by Dr. Tho¬ 
mas Young,t and described in the Philosophical Transactions 
for 1802. He produced them by interposing small portions 
of water, or butter, or tallow between two plates of glass, or 
two object glasses pressed together so as to give the ordinary 
colours of thin plates. In this way portions or cavities of a:r 
were surrounded with water, butter, or tallow; and on hook¬ 
ing through this combination of media he saw fringes or rings 
of colour six times larger than those of thin plates that would 
have been produced had air alone been*interposed between 
the glasses. These fringes or rings of colour were seen by 
the direct light of a candle, and began from a white centre 
like those produced by transmission; but on the dark space 
next the edge of the plate, Dr. Young observed another set 
of fringes or rings, complementary to the first, and beginning 
from a black centre like those produced by reflection. This 
last set of colours was always brighter than the first. 

The following is Dr. Young’s explanation of these two 
series of colours. 

“ In order to understand,” says he, “ this cirtumstance, 
we must consider that where $ dark object is placed behind 
the glasses, the whole of the light whic'h comes to the eye is 

* From the Transactions of the Royal Society fpr 1838.. 

+ Since this paper was written I find that this class of* colours 
was discovered by M. Mazeas, and that his Experiments were 
repeated and varied by M. Dutour. t 
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, either refracted through the edges of the drops, or reflected 
liom the internal surface ; while the light which passes through 
those parts which are on the side oppositeIto the dark object 
consists of rays refracted as before through the edges, or 
simply passing through the’fluid. 'J’he respective combina¬ 
tions of these portions of light exhibit a series of colours of 
different orders,* since the internal reflection modifies the 
intorference'ot the rays on the dark side of the object, in the 
same lmytner as in the commpn colours of thin plates seen by 
reflection. When no,dark object is near, both these scries 
of colours are produced at once; and since they are always of 
an opposite nature at any given thickness*of a plate, they 
neutralize each other and constitute white light.”* 

. In so far hs I know, these observations have not been re¬ 
peated by any other philosopher; and subsequent authors 
have only copied Dr. Young’s description of the phenomena 
and acquiesced in his explanation of tjiem. In taking up this 
subject I never doubted the accuracy or the generality of the 
results obtained by so distinguished a philosopher. I was 
induced to study the phenomena of mixed plates as auxiliary 
to a more general inquiry ; and having observed new pheno¬ 
mena of colour in mineral bodies, which have the same origin 
as those of mixed plates, and which lead to conclusions dif¬ 
ferent from those of Dr. Young, I am anxious that they 
should be described in the same work which contains his ori- 
*ginal observations. • 

rtavingexperienced considerable difficulty in obtaining satis¬ 
factory specimens of the colours of mixed plates by using the 
substances employ od?by Dr. Y oung, I sought for a method of pro¬ 
ducing them which should be at once easy and infallible in its 
effects. With this view I tried transparent soap, and whipped 
crcafln, which gave tolerably good results: but I obtained the 
best .effect by using the white of an egg beat up into froth. 
To obtain a proper film of this substance I place a small 
quantity between the two glasses, and having pressed it out 
into a film 1 separate the glasses, and by holding them near 
the fire I drive off’ a little of the superfluous ipoisture. The 
two glasses are again placed in contact, and when pressed 
together so as to produce the coloured fringes or rings, they 
are then kept in their place either by screws or by wax, and 
may be preserved for any length of time. 


* Philosophical Transactions, 1802. Dr. Young republished the 
same explanatknf of mixed plates in 1807 in his Elements of Na¬ 
tural Philosophy. See vol. i. p. 470, 787; vol ii. 635, 680. 
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If we now examine with a magnifier of small powcj; the < 
thin film of albuipen, we shall find that it contains thousands 
of cav ities exactly resembling the strata of ca\iiie> which 1 
have described as occurring in topaz, quartz, siTlphato of lime 
and other minerals:* mjd if we look through the tihy at the 
margin of the flame of a candle, w r e shall perceive the.two 
sets of colours described by Dr. Young* the.one upon the 
luminous edge of the flame, and the other on the dark space 
contiguous to it. The first wrsshall call the direct V and the 
second, which are always the brighteft, the complementary 
fritters. 

• * l_7 0 ^ 

It we apply a higher magnifying power to the albuminous 
films, and bring tho edge of one of the cavities t to the mar¬ 
gin of the flame, wc shall perceive that both the direct and 
the complementary colours are formed at the very edge, the 
complementary ones appearing just when the direct ones have 
disappeared, by ihe withdrawal of the edge irom the flame. 

As the colours therefore are produced solely by the edges 
of the cavities, their intensity must, caderis paribus , depend 
on the smallness of the cavities, or the number of edges 
which occur in a given space. When we succeed in forming 
an uniform film in which the cavities are like a number of 
minute points, the phenomena are peculiarly splendid and we 
are enabled to study them with greater facility. When the 
edges of these cavities are seen by an achromatic microscope, 
and in direct light, neither the direct nor the complementary 
colours are visible; but if we gradually withdraw the lens 
from the cavities a series of beautiful phenomena appear. 
When i he vision first beefomes indistinct both the direct andthe 
complementary colours appear at the same time, specks of 
the complementary red alternating with brighter specks of 
the direct green light. By increasing the distance oi the 
lens from the cavities, the complementary specks become less 
and less visible, and we see only the direct green light. 

In order to study these phenomena by observing the action 
of a single edge upon light, and to ascertain the eflect of an 
edge when there were no prismatic edges to refract, and no 
internal surface to reflect light, I conceived the idea of im¬ 
mersing thin plates of a solid substance in a fliyd of such a 
refractive power, that the thickness of the plates should be 
virtually reduced to the same decree of thinness as the film of 
albumen between the plates of glass. The new substance 
described by Mr. Horner,f and which I shall call nacrite, 

t • 

* Edin. Trans, vol. x. Part I. 407. 

t PhilosophicalTransactions, 1836, p. 49. 
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* furnished me with the moans of performing this experiment. 
v I accordingly inclosed the thinnest films of it between two 

plates of glass containing balsam of capivi; anti l liatl the 
satisfaction of observing that the bounding edge of the plate 
and tHe'fluid produced the identical direct and complementary 
colours above described. 

The bouiylftig edge which I selected for observation gave 
a bright green for the direct, and a bright red for the com¬ 
plement dry tint. This edgfi appeared as a narrow distinct 

black line, exceedingly well defined, and of a uniform breadth 
like the finest micrometer wire. It consequently obstructed 
the incident light and produced the phenomena of diffracted 
fringes. Those fringes, however, were modified by the pecu¬ 
liar circumstances under which they were produced, and ex¬ 
hibited in their tints both the direct and complementary 
colours under consideration. • 

•When the diffracted fringes are vievfed in candle-light by 
a lens placed at a greater distance from the diffracting edge 
than its principal focus, the middle of the system of fringes 
corresponding to the diffiacted shadow of a fibre is occupied 
with the direct tint, which wc shall suppose to he green ; and 
on each side of this green shadow, as we may call it, we ob¬ 
serve very faintly the complementary red tinging what are 
called the two first exterior fringes. This tinge of red is 
strongest in the first fringe within the solid edgp, or within 
the green shadow, while it is yellowish in the first fringe 
without the green shadow. These effects are inverted if we 
place the lens nearer to the edge than its principal focus. 

Th<^ phenomena now described appear more distinct il we 
tal*i an extremely narrow piece of nacrite, having its two 
cdgqjj nearly in contact, and transmitting only a narrow line 
of light. In this case the two red fringes within the solid 
edge finite their tints, and become a bright red ; and in like 
manner if we place the lens nearer the solid edges than its 
principal focus, the two yellow fringes will unite their tints, 
and become a brighter yellow band. In this last case, when 
9 the two bounding edges are still nearer each other; the united 
fringes, in jdace of being yellow, will lie green, or # the same as 
the direct colour. , 

If we bring the edges pf two pi(?tes of nacrite of equal thickness 
very near each other, having^ as formerly, green for the direct , 

* '&nd red for the complementary colour, the space between the 

edges, or between the green bands, will be faint red when the 
lens is 'nearer the edge's than its principal focus, and yellow 
when it is further from them ; but if the edges are brought 
still nearer, the faint red will become brighter, and the united 
green bands will take the place of the yellow one. 
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Let us now returti to our plate of nacrite with a sflngle 
edge, having green and red for the two tints; ami let us 
always suppose that the lens is adjusted tq observe the 
diffracted fringes, that is. that the lens is placed at a greater 
distance from the dillrafcting edge than its principal focus. 
We shall also suppose that the light of the suu passing through 
a narrow aperture parallel to the dillracting f*clge is substi¬ 
tuted for the light of a candle. I nder these circumstances the 
central part of the system of Hinges seen by light incident 
perpendicularly, consists of bine*, green , and yellow light, 
constituting, as*it. were, the shadow of the edge, the blue 
light being on the same side as the plate of nacrite, and the 
yellow rays eneroadiing upon the exterior faint red band 
already described, the other red band next the blue being 
more distinctly seen. If we now incline the incident ray to 
the plate of nacrite more than 90°, the faint red band 
next the yellow gradually becomes brighter, while the other 
bands become fainter ; and at the boundary of light and dark¬ 
ness all the other bands disappear except this red one, which 
is the complementary colour to the green , (produced by the 
union of the blue , green , and yellow bands), and the colour 
which is seen upon the dark space next the edge of the flame, 
as described by Dr. Young, if we, on the other hand, in¬ 
cline the incident ray in an opposite direction, so that »it 
forms with the plane of the plate a loss angle than 90°, the* 
red hand next the blue will now become brighter ; and af the 
boundary*of light and darkness, when all the other hands have 
disappeared, the red Ijaml will afford, the complementary 
colour to the green. • 9 

As the edge of the plate of nacrite is rough and unpoTislfed, 
and accurately perpendicular to the parallel faces, ther$ are 
no reflected nor refracted pencils, whose combinations with 
one another, or with Uic direct, rays, can be employed to 
account for the complementary colours. The phenomena of 
mixed plates, indeed, are cases of diffraction when the light is 
obstructed by the edge of very thin transparent plates placed 
in a mediuih of different refractive power. If the plate were 
opake the frjnges would be exactly those which have been s o 
often described, and explained by the principle of interference. 
But owing to the transparency of the.plate, fringes are pro¬ 
duced within its shadow; and ojving to the thinness of the 
plate, the light transmitted through it and retarded, interferes 
with the partial waves which pass through thfc plate and with 
those which pass beyond the diffracting «edge with undi- 

* Owing to the small quantity of blue rays in candle-light the 
blue almost disappears in it. 
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•minifthed velocity, and modifies the usual sj’stem of fringes 
in the manner which we have described. • 

As the plate of nacrite diminishes in thickness, or as the 
fluid in which it is immersed approaches to it in refractive 
density,* the central coloured bands,' whose union constitutes 
the •direct tint,,will diminish in number, and descending 
gradually in,the scale will finally disappear when the retarda¬ 
tion produced by the plate does not perceptibly alter the 
phase oi*the ray. \\ hen tlfe plate, on the other hand, in¬ 
creases in thickness, *or the fluid diminishes in refractive 
power, the central bands will become closer and more nume¬ 
rous, and will finally resemble the frmges within the shadow 
of the ordinary system. * 

** When the plate of nacrite is thicker at one place than 
another by the partial removal of a parallel film, the edge 
where the increase of thickness takes^laee produces exactly 
the same phenomena as the edge of the film timt is removed, 
or of the film that is elevated above the general surface, and 
lienee we are led to look for the phenomena of mixed plates 
in minerals, such as sulphate of lime and mica, where a plate 
of two different thicknesses can be easily obtained. I have 
accordingly discovered the phenomena of mixed plates dis¬ 
tinctly exhibited in sulphate of lime and mica. 

A more splendid exhibition of these colours is seen when a 
stratum of cavities of extreme thinness occurs in« sulphate of 
lime* I have observed such strata repeatedly in the gypsum 
from Mont-martre ; but they are most beautiful Mien the 
stratum has a circular form. In this case the cavities are 
exceedingly thin at the circumference of the circle, and 
gradually increase in depth towards the centre, so that we 
have ji series of edges increasing in thickness towards a centre; 
the very reverse of a mixed plate, such as a film of albumen 
pressed between two convex surfaces. ,The system of rings is 
therefore also reversed, the highest order of colours being in 
the centre, while the lowest are at the circumference of the 
circular stratum. In many strata of cavities, such as the one 
which T have engraven in my paper on the*new fltids in mi¬ 
nerals,* the cavities are too deep to give thecoloqrs of mixed 
plates. *• , 

Another example of,the coloifrs of mixed plates in natural 
bodies occurs in specimens qf mica, through which titanium 
is disseminated in beautiful flat dendritic crystals of various 
degrees of opacity and transparency. In these specimens the 
titanium* is often disseminated in grains, forming an irregular 


* Edinburgh Transactions, vol. x. Plate II. fig. 33. 
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surface. The edges of these grains, by retarding the light 
which they transmit, produce the direct and complementary 
colours of mixed plates in the most perfect manner, the tints 
passing through two orders of colours, as the grafhs of titanium 
increase in size towards# the interior of the irregular, patch. 
I have observed another example of these colours in the deep 
cavities of topaz, from which the fluids harve either escaped, 
leaving one or both of the surfaces covered with "minute par¬ 
ticles of transparent matter, or ii» which tRe fluids ha\k>suff'ered 
induration. 

Allerly by Melrose, 

October L tith, 1837. 


XXXV. Sparks obtained from the secondary coil after the 
current being made Jo pass through water. In a letter to 
the Editor. By W. U. Halsu, Esq. 

Sir, 

There is a fact connected with voltaic electricity which I 
believe has never as yet been published, and as it proves the 
intensity of the secondary current in a remarkable manner 
perhaps you may think this letter worthy a place in your next 
number of “ the Annals.” 

It is well known that if we separate the two extremities of 
the secondary coil at the same moment that one of the primary 
wires of a shock apparatus is disconnected with the battery, 
that a spark will be visible on the secomlary wire as w r ell as 
on the primary wire, but in this case metallic cQntacUof the 
secondary wires has hitherto been considered necessary to 
produce^ the effect. During a course of experiments in which 
1 have lately been engaged, I imagined that the secondary 
current was sufficiently intense to give a spark after passing 
through water containing a very minute portion of common 
salt. I accordingly put my revolving apparatus to work using 
only one pair ®f cylinders both for causing the revolutions, 
shocks, and sparks. I then placed one end of the secondary 
wire in a glass of water, and about one inch from it 1 placed 
a file in a perpendicular position ; the other end of the secon¬ 
dary coil I drew up and down this file. 1 The revolving appa¬ 
ratus was going at the rate of 900 rounds per minute and gave 
two shocks each revolution. Immediately 1 touched the file, 
with the secondary wire I observed a spark, and ,by con¬ 
tinuing the motion of the wire on the file ^obtained them by 
scores. Those who are not in possession of a revolving appa- 
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after the current has passed through water. 

ratus or a contact breaker may perform the experiment in tlie 
following manner: affix to one of the plates of the battery a 
file, and to the other plate affix one end of the primary wire 
coil; then irpsert one end of the secondary coil in a glass of 
water containing a very small quantity of common salt or 
sulphuric acid, and place a file in life same glass about one 
inch distant frtyn the immersed wire. Now let an assistant 
draw the otfitfr enfl of the primary wire across the file attached 
to the battery, whilst the operator draws the other end of the 
secondary wire across the dry part of the file in the glass. 
Sparks will soon bcfiperceivcd on this latter file and a por¬ 
tion of the water will be decomposed. Bj keeping the file 
and the wire one inch or more distant from each other in the 
water, it is*evident that the current harf to pass through that 
space of water previous to obtaining the spark, thereby proving 

THAT METALLIC CONTACT OK THE SECONDARY WIRES NOT 

to me necessary. I have no doubt that a spark could be 
ttiken after the current passing through one’s body ; but this 
experiment l do not like to try, neither can I get any of my 
friends to try it, my shock apparatus being very powerful. 
The battery I used was composed of cylinders immersed in a 
two quart pot, sulphate of copper being in contact with the 
copper, and a solution of common salt in contact with the 
zinc. 

• The size of the spark is much increased by increasing the 
• number of cylinders which perhaps is unnecessary for me to 
mention. With ten pairs I have obtained very brilliant sparks. 
When the spark is to be produced from one pair 4he experi¬ 
ment should be performed in the dark. If these few lines 
should meet your approbation sufficient for their insertion you 
shall again*hear from me, having several things to communi¬ 
cate which I believe would prove interesting to your readers; 
particularly a method how to increase the intensity of the 
coil§, and also a new theory to explain why a small pair of 
plates, introduced into a circle, brings the action of the whole 
battery to that standard, De la Rives explanation of it being 
in my opinion unsatisfactory. Can you recommend me a 
recently published work which treats principally of the physio¬ 
logical effects of electricity. 

'• , I am. Sir, 

, • Yours respectfully, 

# WILLIAM H. HALSE. 

Brent , near Ashburton, 

Nov. 27 f/*,*1839. 

* 


T 
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XXXVI. An Account of some experiments made for *the 
purpose of ascertaining how far Voltaic Electricity may 
be, usef ully applied to the purpose of working in metal. 
By Mr. Thomas Spider. 

Prefatory. 

Having made known, about three months ago, *at a meet¬ 
ing of the Liverpool Polytechnic^ Society,* that I intended to 
have brought the subject of the following paper before the 
British Association at its Birmingham meeting, I deem it a 
duty I owe myself, —and perhaps the public,—to state the 
reasons why I have npt done so. 

About a month previous to the meeting, I wrbte to Pro¬ 
fessor Phillips, the general secretary, informing him of this, 
and two other papers I was desirous of laying before the As¬ 
sociation at its next meeting, and requesting to know what 
forms were necessary to enable me to do so. 

1 received a very obliging answer in return, intimating 
that two of my papers would be read at the Chemical Section ; 
but the one which is the subject of the following paper would 
be read at the Mechanical one, as it was deemed a portion of 
the process related to that science; also, that in the event of 
my non-attendance they would be read in my absence, by 
forwarding them to the secretaries of the different sections, 
as he would make notes to that effect. 

Nothing could be more satisfactory. I, however, wenf to 
Birmingham on the Monday of the week of meeting, and 
immediately paid rny subscription for the ensuing year, which 
entitled me to all the privileges of a member,—including that 
of reading papers, if so disposed. 

Having satisfactorily completed my business at the Choani- 
cal Section, I at once proceeded to the Shakspeare Rooms, 
where the Mechanical oae held its meetings, and inquired for 
the secretary. 1 was shown to a Mr. Carpmall. After inti¬ 
mating my business I inquired when I should be called on, 
that l might be in readiness. I was told that a note had 
already been made*of it, and to hold myself in readiness on 
Thursday morning, as my paper would be called on first. 
With this I was perfectly satisfied; but on Wednesday, when 
the papers for the following day, as is usual, were announced, 
I could not find my name orpaperun the list. I at once ad¬ 
dressed a note to the secretary, thinking he had forgotten our 
previous arrangement and reminding J>im of it. I attended 
next morning at the appointed time, prepared, if called on; 
but on entering the committee-room, I was informed by 
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Mr. Carp mall that my paper could not. be brought, forward, 
giving as a reason, that “ l was quite unknown.” On asking 
what tliis meant, l was told that L was a*man of no scientific • 
reputation, 'and more especially unknown to himself and the 
acting president of the section, D 4 JLardner; also, that there 
were so many important papers to be brought forward by men 
of acknowledged reputation, that there was no chance for 
mod * 

WMi the section had closed its labours for the day, seeing 
Or. Lardner in the room, I mentioned to him, as president 
of the section, the arrangements that had been entered info 
with me by the secretary respecting my fiaper. lief ore he 
heard more than a few words, he told me lie had nothing 
whatever to do with it, and haughtily turned away, adding 
something about valuable time. 

Crider these circumstances I cquld not bring forward the 
.paper: but, had it not been for thp unavoidable absence of 
Professor Phillips, I am quite sure the engagements entered 
into with me would have been kept. 

In conclusion I may add, I can find no fault with arrange¬ 
ments that might, be made by any Society to select such sub¬ 
jects as a Committee might deem proper to be laid before its 
members and the public, as otherwise much valuable time is 
often likely to be lost,—it requiring no small portion of scien¬ 
tific learning to be acquainted with all that has been done on 
most subjects, and without this knowledge we" arc too apt to 
stumble on what may have been years before the jpublic. Put 
in the instance I have related, neither the Committee nor 
Secretary were aware of the views 4 had taken of the subject 
1 \wis desirous of illustrating, as they never once asked to 
look over my paper. Had they done so, it would have been 
at?their service. . 

It is two years since I began to experimentalize on this 
subject. I then made mention of It to a few friends, (some 
of whom are connected with the public press in Liverpool,) 
but strictly enjoined them not to make it public until the ex- • 
periments were matured. At the same.time I,showed some 
results obtained by this process. About four months ago a 

• 

* T may state that on the day sn question, a gentleman was allowed 
to occupy the section 1>y a description of the method he had adopted 
to cure his chimney from smoking. I mention this,—not because it 
was unimportant,—but because it had not even been announced. The 
alleged reason was that the section were on the subject of smoky 
chimneys. Ifowfever, I concluded he was a man of known scientific 
.reputation,—although 1 have since forgotten his name. 

72 
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paragraph appeared in the At hen cram, stating that Professor 
Jacobi, of Si. Pelersburgh, had received a grant of lpouey 
from the Kmperor, to enable him to make experiments on 
engraving by galvanism, as he had been enabled‘to preserve 
fine lines in relief by this principle.* I accordingly conclpded 
that he was engaged in experiments analagous to my own: 
but having gone much farther than merely producing lines in 
relief, I at once made it public, and showed specimens of the 
results I had obtained in different experiflients.—THW was 
done at a meeting of the Liverpool Polytechnic Society ; 
some of the members of which then spoke to their knowledge 
of my having been‘engaged on this subject fora considerable 
period. » 

1 am not aware that Professor Jacobi has made his process in 
any w r ay public: but if l am to judge from some specimens 1* 
saw a few days ago in Birmingham, in the model room, pro¬ 
duced by it, f should he inclined to think that he has made 
small progress in this subject,—one of the specimens being a 
plate of copper precipitated on another, which he lias been 
unable to get oh"; the printed description stating that .“through 
some particular circumstance they adhere together.” It will 
he seen, in the course of the following experiments, that I early 
arrived at this point which has also been easily and completely 

surmounted, f 

' * 

I entertain no very sanguine notions as to the future gene¬ 
ral application of this method of operating upon the metals 
more especially copper. This must be entirely left to the 

practical engraver and printer. 

% ( 

* See a notice of Jacobi’s experiments at p. 507, vol. 3, of these 
Annals. Edit. 

+ I cannot help finding some fault with the mode adopted by the 
professor (cr, it may he, injudicious friends), of announcing his dis¬ 
coveries. About twelve months ago, 1 imagined that I had dis¬ 
covered a method of obviating, by simple means, the great difficulty 
in the construction of electro-magnetic Engines; but, on seeing seve¬ 
ral paragraphs from time to time in the newspapers, professing to 
be copied from letters received from St. Petersburgh, stating that 
Dr. Jacobi had succeeded in constructing engines of considerable 
power, on this principle, l at once gave up my researches on the 
subject, thinking the thing already done.. It is only a 4ew weeks 
since a statement appeared (in a Liverpool paper,—on the authority 
of a letter received by Professor Wheatstone from Dr. Jacobi,) that 
he had an electro-magnetic machine, of forty-horse power, at work 
on the Neva; but, since, it appears another letter states he had 
hoped only to have such an engine by this 'period^ ancl still* hopes 
by next year to accomplish his object—but lias not as yet succeeded 
with one of three-horse power. 
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* The question with them will he,—Is? it cheaper and better 
than the methods in common use ! It. may novv he answered 
—Give it^a fair trial: the way is pointed out—practice will 
no.doubt enable you to improve upon the methods which sug¬ 
gested themselves during the experimental investigation de¬ 
tailed in the fo'lowing pages, and most probably may realise 
an extomltfd field of practical utility for the peculiar mode 
of novation which has been the result. 

I leel assured. hojvever,thal, in the arcana of many trades 
and branches of art, this process will be found an impoitant 
addition—supplying as if does a means of producing a cast, 
or a die, in hard metal, without the agency of heat or pres¬ 
sure , and in extreme perfection and well-defined sharpness. 
# Nor, (I need hardly observe) is its application confined to 
copper only. 

In addition to the applicability df this process, in procuring 
’ exact fac similes of coins , or medals, with all the lineal 
sharpness of the original, perfect copies may be obtained of 
bronzed figures ; nor do they require chasing when taken out 
—nor do I apprehend inconvenient limitation as regards their 
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Assuming it to be advantageous to publishers of music to 
have their plates in relief , by this process they will be 
• enabled, in the original engraving, to have them so. 

I have seen nothing in wood engraving that might not be 
produced in copper, in relief, by this means; the chemical 
plates might, possibly, require retouching to a Small extent, 
hut, with careful manipulation, twenty or thirty such plates 
might be taken from one mould. 

* f may ‘mention that the advantage of being able to produce 
a # given effect from a plate in relief would be very considerable, 
as ten printed impressions may frequently he taken, in the 
time occupied in producing one # by the ordinary method 
from a copper-plate. Plates in relief might also frequently 
he printed off in the body of the work—which, in point, 
of economy, would he a very considerable advantage. 

In the formation of that important Implement in the 
manufacture of printing types—the matrix or mould,— 
advantages in the adoption of this operation appear to present 
themselves. And, I am assured by the printers of this 
pamphlet, that it gives £air promise to supply several impor¬ 
tant desiderata in the art of printing, and in its attendant 
operations,—*more particularly in the stereotype process. 

In general,*—l feel convinced that it exhibits many pro¬ 
mising indications of utility, should no obstacles in a peeuni- 
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ary point of view present themselves, on occasion of attempts 
to extend the application of the discovery. • 

# In the following paper I have detailed a few of the most 
illustrative experiments made during the investigation, trust¬ 
ing that they might be fou’nfl interesting, not only to the gene¬ 
ral reader, as illustrating the progress of discovery, but to the 
future experimentalist, in pointing out to him the. methods 
that have best succeeded, as well as those .he ought ty avoid. 
In all cases I deem details of ehenrical experiments essentially 
necessary; as one apparent trifle omitteu, is more than likely 
to retard the laboiys of the future practitioner. 

Having made many experiments on a larger scale than 
those detailed, since wAting the following paper, 1* shall, at 
its conclusion, detail the methods to be adopted under 
different circumstances. 

First:— To engrave in relief on a plate of copper. 

Second:— To deposit n voltaic copper-plate , having the 
lines in relief. 

Third:— To obtain a facsimile of a medal (reverse or 
obverse J, or of a bronze cast. 

Fourth:— To obtain a voltaic impression from plaster or 
clay. 

Lastly :—A method of multiplying the number of already 
engraved copper-plates. This last promises to be of vast 
import,—more, especially in the Potteries, as there they 
require, in many instances, eight or ten copper plates of «a 
similar pattern. By the method I shall point out, 1 can see 
no reason why they should not be able to multiply them ad 
infinitum. 9 , 

I shall also give some rules for the management of*th# 
apparatus, which my experience of the process has suggested. 

When Lhavc done this, I shall then have laid before tTie 
public the result of many an anxious—and, I may add, 
pleasant—hour: each experiment requiring a considerable 
lapse of time for its development; but when attended with 
' success—no words of mine can convey the pleasurable feel¬ 
ings coupled with? such a result. 

I have been led on, by the fond hope that the present 
simple discovery may be the foundation of a vast,, structure 
of Synthetic Chemistry, which *is perhans destined, (at no 
distant date), to imitate, for the uses of humanity, all the 
most wonderful, hut apparently complicated, elaborations of 
Nature. • 



to the purpose of working in metal. 



PAPER. 

Notice given May the 8 tk—read September the 12 th, 1839. 

• lliiNuY Booth, Esq. President, in the Chair. 

Tn the p.jjrfT 1 Have now the honour to lay before the Society, 
1 do no^ pro-css to have brought forward a perfect invention. 
My nifty object is to point hut a means by which, l hope, 
practical men may ulfimately be enabled to apply a great anil 
universal principle of nature to the useful and ornamental 
purposes of life. In this Imay be considered sanguine,—an 
error, I am aware, too often fallen intb by those, who, like 
in) self, imagine they have discovered an useful application of 
aft important principle ,* but however this may fall out, I now 
proceed to lay an account of its lesuits, successful and unsuc¬ 
cessful, before the members and *the public,—previously 
stating, however, that all my first experiments were made on 
a small scale ; a method of procedure attended with many ad¬ 
vantages to the experimentalist himself, but having its dis¬ 
advantage when laid before the public. In this first respect, 
the chemical experimenter has a decided advantage over the 
mechanical one ; the success of his experiment, when tried 
on a small scale, doubly guarantees its success, if conducted 
on a still larger—with mechanical results 1 believe in most 
instances it is'the reverse. But, when the chemist produces 
his microscopic proofs, the public are generally slow to believe 
that such minute appearances should warrant him in coming 
to airy general conclusion. * 

• fn September, 1837, l was induced to try some experiments 
in Electro-chemistry, with a single pair of plates, consisting 
of a small piece of zinc and an equal sized piece pf copper, 
connected together with a wire of the -latter metal. It was 
intended that the action should be slow ; the fluids in which 
the metallic electrodes were immersed were in consequence 
separated by a thick disc of plaster of paris. In one of the 
cells was sulphate of copper in solution, in the other a weak 
solution of common salt. 4 I need scarcely add that the copper 
electrode was placed in the cupreous solution. 1 mention this 
experiment, briefly,—not because it is directly connected with 
what I shall have to'lay before the Society, but because, by a 
portion of its results, I wal induced to come to the conclusions 
I have done in the following paper.* I was desirous that no 

* The experiment here alluded to was to determine a most im¬ 
portant point—and as it has an intimate connexion with the future 
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action should take place on the wire by which the electrodes 
were held together? To obtain this object I varnished*it with 
sealing-wax varnish: —but, in so doing, 1 dropped a portion 
of it on the copper that was attached. I thought nothing of 
this circumstance at the ftiotnent, but put the experim’ent in 
action. m • 

The operation was conducted in a glass vessel*; .1 had con¬ 
sequently an opportunity of occasionally examining tits pro¬ 
gress. When, after the lapse of*a few (Jays, metallic crystals 
had covered the copper electrode ,—with the exception of that 
•portion which had been spotted with the drops of varnish, I 
at once saw that 1 had it in my power to guide the metallic 
deposition in any shape or form I chose, by a coitesponding 
application of varnish, or other non-mctallic substance. 

I had been long aware of what every one who uses a sus¬ 
taining galvanic battery Vi th sulphate of copper in solution 
must know,—that the cbpper plates acquire a coating of cop¬ 
per from the action of the battery ; but I had never thought 
of applying it to a useful purpose before. My first essay was 
with a piece of thin copper plate having about four inches of 
superfices, with an equal sized piece of zinc, connected together 
with a piece of copper wire. I gave the copper a coating of 
soft cement, consisting of bees’ wax, resin, and a red earth — 
Indian or Calcutta red. The cement was compounded after 
the manner recommended by Dr. Faraday in his work on 
chemical manipulation; but with a larger proportion of wax. 
The plat e f received its coating wdiile hot. On cooling, I 
scratched the initials of my own name r 4 udely on the plate, 
taking special care that the cement was quite removed from 
the scratches, that the copper might be thoroughly exposed. 
This was put in action, in a cylindrical glass vessel about half 
filled with a saturated solutiou of sulphate of copper. I then 
took a common gas glass?, similar to that used to envelope an 

application of the results detailed in this paper, I may be excused 
in briefly alluding to it here. In fact no experiment can be made 
with any certainty, without keeping its results in view. 

In September, 1837, at the Liverpool meeting of the British 
Association, a'clever young demonstrator (Dr. Bird, /»f London) 
asserted that in an experiment he had made, he had obtained crys¬ 
tals of pure copper without the intervention 6f a metallic nucleus to 
commence with. I doubted this at the time, as it was opposed to 
all former experience. However, I made several very careful ex¬ 
periments, following Dr. Bird’s plan 1 in all he stated; then varied 
them in order to give it every ehance of success.* The result was 
that vo metallic crystallization will take place , unless a metallic or 
metalliferous nucleus he present. 
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"Argahd burner, and filled one end of it with plastef of paris, 
r to the depth of three-quarters of an inch. Iti this I put some 
water, adding # few crystals of sulphate of soda to excite 
action, the plaster of paris serving as a partition to separate 
the fluids, but sufficiently porous toaftow the electro-chemical 
fluid'to permeate its substance. 

I now bent, the wires in such a form that the zinc end of 
the arrangement should be in the saline solution, while the 
copper end should be ip the cupreous one. The gas glass, 
with the wire, was then placed in the vessel containing the 
sulphate of copper. , 

It was then suffered to remain, and in a few hours I per¬ 
ceived that action had commenced, and that the portion of 
the popper rendered bare by the scratches was coated with the 
pure bright deposited metal, whilst all the surrounding portions 
were not at all acted on. I now saw tny former observations 
realised;—but whether the deposition So formed would retain 
its hold on the plate, and whether it would be of sulficient 
solidity or strength to bear working if applied to a useful pur¬ 
pose, became questions which 1 now endeavoured to solve by 
experiment. 

It also became a question v/hether—should I be successful 
in these two points—I should be able to produce lines suffici¬ 
ently in relief to print from. This latter appeared to depend 
entirely on the nature of the cement or etchiqg-ground I 
might use. 

This last I endeavoured to solve at once. And (I may 
state) this appeared fco be the principal difficulty; as my own 
itnpresgion theft was, that little less Ihan one-eighth of an 
inch of relief would be requisite. 

I tjien took a piece of copper, and gave it a coating of a 
modilieation’'of the cement l have already mentioned, to about 
one-eighth of an inch in thickness; apd, with a steel point, 
endeavoured to draw lines in the form of net-work, that should 
entirely penetrate the cement, and leave the surface of the 
copper exposed. But in this I experienced much difficulty, 
# from the thickness I deemed it necessary to use; more espe¬ 
cially, when I came to draw the cross lines of the net-work. 
When the cement was soff, the lines were pushed as it were 
into each other; and yhen it was made of harder texture, the 
intervening squares of the ngt-work chipped off the surface of 
the metallic plate. However, those that remained perfect I 
put in action as before. 

In the progress of thfs experiment, I discovered that the 
solidity of the metallic deposition depended entirely oil the 
weakness or intensity of the electro-chemical action, which I 
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found I had in my'power to regulate at pleasure, by the thick-* 
ness of the intcivening wall of plaster of paris, and by the ( 
coarseness and fineness of the material. I made three similar 
experiments, altering the texture and thickness of the plaster 
each time, by which 1 k&ertained that if the plaster partitions 
were thin and coarse, the metallic deposition proceeded-with 
great rapidity , but the crystals were i’riafilc mkJ easily sepa¬ 
rated ; on the other hand, if I made the partition thicker, and 
of a little finer material, the action was much slowed and tin; 
metallic deposition was as solid and dhetile as copper formed 
by the usual methods,—indeed, when the action was exceed¬ 
ingly slow, I have had a metallic deposition apparently much 
harder than common sheet copper, but more brittle. 

There was one most important, (and, to me, discouraging} 
circumstance, attending these experiments, which was, that 
when I heated the plates, to get off the covering of cement, 
the meshes of copper net-work invariably came off with it. 

1 at one time imagined this difficulty insuperable, as it ap¬ 
peared to me that I had cleared the cement entirely from the 
surface of the copper I meant to have exposed,—but that 
there was a dillerence in the molecular arrangement of copper 
prepared by heat, and that prepared by voltaic action, which 
prevented their chemical combination. However, I then 
determined, should this prove so, to turn it to account, in 
another majiner, which I shall relate in the second portion q( 
this paper. 

I then* occupied myself for a considerable period in making 
experiments on this latter section of the subject. 

In one of them I fotmd, on examination, a. portion of the 
copper deposition, which I had been forming on the surface of 
a coin, adhered so strongly that I was quite unable to get it 
off,—indeed, a chemical combination had apparently taken 
place. This was onl^ in one or two spots, on the prominent 
parts of the coin. I immediately recollected that on the day 
I put the experiment in action, I had been using nitric acid, 
for another purpose, on the table I was operating on, and that 
in all probability«the coin might have been laid down where a 
few drops of the acid had accidentally fallen. I then took a* 
piece of copper, coated it with cement, made a few scratches 
on its surface until the copper appeared, and immersed it for 
a short time in dilute nitric acid, until 1 perceived, by an 
elimination of nitrous gas, that the exposed portions were 
acted upon sufficiently to be slightly corroded. I then washed 
the copper in water, and put it in action as^before described. 
In forty-eight hours I examined it, and found the lines were 
entirely filled with copper. I applied heat, and then spirits 
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of turpentine, to get off the cement; and, to my satisfaction, 
t! found that the voltaic copper had completely combined 
itself with the sheet on which it was deposited. 

1 then gave a plate a coating of cement, to a considerable 
thickness, and sent it to an engraver*; but when it was re¬ 
turned, L found the lines were cleared out so as to be wedge- 
shaped, or somewhat*in the form of a V, leaving a hair line 
of the eoppqy exposed a$ the bottom, and a broad space near 
the surfaed; and where the tufn of the letters took place, 
the top edges of the lines were galled and rendered rugged 
by the action of the graver. This, of course, tyas an impor¬ 
tant objection ; which 1 have since been able to remedy, in 
some respects? by an alteration in the shape of the graver, 
vibich should be made of a shape more resembling a narrow 
purulfelogram than those in common use,—some engravers 
have many of their tools so made. I did not put this plate in 
action, as I saw that the lines, when in relief, would have 
been broad at the top and narrow at the bottom. I took 
another plate, gave it a coating of the wax, and had it written 
on with a mere point. I deposited copper on the lines, and 
afterwards had it printed from.* 

1 now considered part of the difficulties removed: the 
principal one that yet remained was, to find a cement or 
etching-ground, the texture of which should be capable of 
being cut to the required depth,f without raising (what is 
technically termed) a burr , and, at the same time, of sufficient 
toughness to adhere to the plate, when reduced to n small 
isolated point, which would necessarily occur in the operation 
which wood-engravers* term cross-hatclfing. 
i 1 tried a number of experiments with different combinations 
of waxj resins, varnishes, and earths, also with metallic oxides, 
—all with more or less success. « 

The une combination that exceeded all the others in its tex¬ 
ture, having nearly every requisite (inefeed I was enabled to 
polish the surface nearly as smooth as a plate of glass), was 
principally composed of virgin wax, resin, and carbonate of 
lead—the white lead of the shops. • * 

• With this compound I had two plates, 5 inches by 7, 
coated over, apd portions of maps cut on the cemeilt, which I 

t 

* This plate was shown, and plso specimens of printing from if. 
+ 1 have since learnt, from practical engravers, that much less 
relief is necessary, to print from, than I had deemed indispe.islble; 
and that on becoming more'familiar with the cutting of the wax- 
cement, they would be enabled to engrave in it with great facility 
and •precision. 
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had intended should have been printed ofFand laid hefbie the 
British Association at its meeting. 1 applied thtf same pro 
cess, to these, as to others—dipping them* in dilute nit 1 ic 
acid before putting them in action: indeed 1 suffered.them to 
remain about ten minutes in the solution. I then put them 
into the voltaic arrangement. The action proceeded, 'slowly 
and perfectly, for a few days,—when L removed them. 1 
then applied heat, as usual, to remova the cemen'.—when all 
came away as in a former instance; # the voltaic copper peeling 
off the plate with the greatest facility. 1 was much puzzled at 
this unexpected result, but, on cleaning the p.ate, 1 dis¬ 
covered a delicate tracing of lead, exactly corresponding lo 
the lines drawn on the cement picvious to the immersion 
in the dilute acid. The cause of this failure was at once 
obvious; the carbonate of lead I had used to compound 
the etching-ground * had been decomposed by the dilute 
nitric acid, and the metallic lead thus set free had deposited 
itself on the exposed portions of the copper-plates, preventing 
the voltaic copper from chemically combining with the sheet 
copper. I was now obliged with regret to give up this com¬ 
pound—although, under other circumstances, I have no doubt 
it may be rendered available.—I adopted another, consisting 
of bees’ wax, common whiting, resin, a small portion of gum, 
and plaster of paris. This seems lo answer the purpose tole¬ 
rably—though I have no doubt, by an extended practice/ a 
better may still be obtained. 

1 110 ft proceed to the second, and I believe the most satis¬ 
factory, portion of the subject. Although I have placed these 
experiments last, they were made simultaneously # with the 
others already described; but, to render the subject ^more 
intelligible, I have placed them thus. • 

I have already stated that 1 was desirous of executing me¬ 
tallic ornaments by ihis means, in either cameo or intaglio; 
but, being well aware of the apparent natural law which pre¬ 
vents metallic deposition by voltaic electricity, without the 
presence of a metallic body, I perceived, in consequence, its 
uses, if atiy,’wduld be extremely limited, as, whatever orna¬ 
ment it might produce, it would only be by adhering to the 
condition of a metallic mould. , • 

I accordingly determined’to make.my first experiment on a 
very prominent copper medal. # I placed it iu a voltaic circuit 
as already described, and deposited a surface of copper on one 
of its sides to about the thickness of a shilling. I then pro¬ 
ceeded to get the deposition off. In this I experienced some 
difficulty, but ultimately succeeded. On examination with a 
magnifying glass, I found every line was as perfect as the coin 
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whs frqjn which it was taken. I was then induced to use the 
same piocc 4 again, and let it remain a much longer time in 
action, that I might have a thicker and more substantial 
mould. I accordingly put it again in action, and let it re¬ 
main until it had acquired a much thicker coating of the me¬ 
tallic deposition; but when I attempted to remove it from the 
medal, 1 found 1,was unable. It had, apparently, completely 
adhered to it. * 

I had ofieh practised,*with some degree of success, a method 
of preventing the oxidation of polished steel, by slightly heat¬ 
ing it until it would melt virgin wax; it was then wiped, 
apparently, completely off,—but the pores of the metal be¬ 
came impiegnated with the wax. • 

r l thought of this method, and applied it to a copper coin. 

I first heated the piece,—applied wax—and then wiped it 
so completely off, that the sharpness of # the coin was not at 
all interfered with. I proceeded as before, and deposited a 
thick coating of copper on its surface, after the lapse of a few 
days. When I wished to take it off, I applied the heat of a 
spirit-lamp to the back; when a sharp crackling noise took 
place, and 1 had the satisfaction of perceiving that the coin 
was completely loosened. In short, I had a most complete 
and perfect copper mould of a halfpenny. 

1 have since taken some impressions from the mould thus 
taken ; and, by adopting the above method with the wax, I 
gel them out with the greatest ease. 

I was now of opinion that this latter method might be 
applied to engraving much better than the method described 
in the first portion of this paper. Being aware that copper in 
f a voltaiocircuit deposited itself on lead with as much rapidity 
as on copper, I took a silver coin, and put it between two 
pieces ftf clean sheet lead, and placed them under a common 
screw psess. From the softness of the lead, l had a complete 
and sharp mould of both sides of the coin. I then took a 
piece of copper wire,—soldered the lead to one end—and a 
piece of zinc to the other, and put them into the same voltaic 
arrangement I have already described. I did nql> in this in¬ 
stance, wax the mould, as I felt assured that the deposited 
copper would easily separate from the lead, by the application 
of heat,—from* the different ^expansibility of the two metals. 

in this result I was not disappointed. When the heat of a 
spirit-lamp was applied for a«few seconds to the lead, the 
copper impression fell easily off. So complete do I think this 
latter portion of fhe subject, that I have no hesitation in 
asserting that fac-Similes of any coin or medal, no matter of 
wluij size, may be readily taken, and as sharp as the original. 
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To further test tfye capabilities of this method, I took g, piece 
of lead plate, and stamped some letters on its surface to a 
depth sufficient to print from when in relief. 1 deposited 
copper on it, and found it came easily off. • 

1 now come to the ^conclusion of iny experiments-on this 
subject. As I stated at first, my object was to deposit a me¬ 
tallic surface on a model of clay, or other «o/«-jnetallic body,— 
as, otherwise, I imagined the application of* this principle 
would be extremely limited. ,1 made? many exjfc#iments to 
achieve this result, which 1 shall nohdetail, but content my¬ 
self with describing that which was ultimately the most 
successful. • 

I took two models of an ornament, one made of clay, and 
the other of plaster of paris; soaked them for some time in 
linseed oil ; took them out, and suffered them to dry-r-first 
getting the oil clean yff the surface. When dry, I gave them 
a thin coat of mastic varnish. When the varnish was as 
nearly dry as possible —but not thoroughly so, I sprinkled 
some bronze powder on that portion 1 wished to make a mould 
of. This powder is principally composed of mercury and sul¬ 
phur. I had, however, a complete metallic coating on the 
surface of my model, by which I was enabled to deposit a 
surface of copper on it, by the voltaic method I have already 
described. 1 have also gilt the surface of a clay model with 
gold leaf, and have been successful in depositing the copper 
on its surface. There is likewise another, and (as I trust' it 
will pr<jve) a simpler method of attaining this object, but as 1 
have not yet sufficiently tested it by experiment, I shall take 
another opportunity of detailing the method. 

• ® 

[At the close of the paper, several specimens of coin& and 
medals—some of them in the act of formation by the vol¬ 
taic process—were exhibited to the members.] 0 


ADDENDA.* 


t0 isnTirXvh in relief on a plate of copper. 

Take a*plate of copper, such as are in use airing engravers. 
Tt is not essential that it should l*e highly polished. 

Have a piece of copper wire neatly soldered to the back 
part of it, and then give it a coating of either of the cements 

* Note —By this process, iron castings that are required to be 
preserved from the weather may have a coatihg of copper given to 
them, of any requisite thickness. 
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already mentioned. This is best done hy heating the plate 
as well as the wax ; or, to level the wax after it has had a coat, 
hold the back part of the plate over a charcoal fire, or spirit- 
lamp,—taking a arc to hold it level. 

Then write, or draw the design, on. the wax, with a black- 
lead pencil or a point. The wax must now be cut through 
with a graver, or a steel point,—taking special care that the 
copper is exposed on every line. 

It inust.'Aow be immersed in dilute nitric acid—say, three 
parts water to one acid.. It will be at once seen whether it is 
strong enough, by the green colour of the solution, and the 
bubbles of nitrous gas eliminated. Let it remain long enough 
to allow the exposed lines on the plate to heMightly corroded; 
that the wax (which gets into the pores of the copper during 
the heating process), may be thoroughly got rid of. Practice 
will determine this, better than any rujes. 

The plate is now ready to be placed in the voltaic appara¬ 
tus (see ICngraving, p. 3.) After the voltaic copper has been 
deposited in the lines engraved in the wax, the surface of the 
formation will be found to be rough, more or less, according to 
the quickness of the action. To remedy this, rub the surface 
with a piece of smooth flag or pumice-stone, with water. Then 
lieai the plate, and wash off the wax groundwork with spirits 
of turpentine and a brush. The plate is now ready to be 
prii!ted from at an ordinary press. 


TO DEPOSIT A SO LIIX VOLTAIC PLATE, # HAVING THE LINES 

IN RELIEF. 

Taltfi a plate of copper, lead, silver, or type-metal, of the 
required size, and engrave in it, to the depth requisite td print 
from, when in relief. 

Contrary to ordinary engraving, the lines must be flat, at 
the bottom, and as nearly as possible of the same depth. 
When so engraved (should the plate be copper or silver), heat 
jt, and then apply a little bees’ wax (what is termed virgin 
wax is preferable) mixed with a very small proportion of 
spirits of turpentine; and give the plate a coating’of it. It 
may be laid on in a lump; and the heat of the plate should be 
sufficient to melt it. When pn the eve of cooling, the plate 
should be wiped clean, and all the wax taken off,—as suffi¬ 
cient will have entered the pores of the plate, to prevent the 
voltaic copper from adhering. 

Then solder a piece of copper wire. 
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The plate must now receive a couple of coats of thick var¬ 
nish on the back and edges (a preparation of sheLMaS and 
alcohol does ver$ well). I prefer, if the plate is large, to im¬ 
bed it with plaster of paris or roman cement, in a box the size 
of the plate, allowing. (Jie woodftn edge of the box to project 
just as much above the surface of the plate, as you wish the 
thickness of the voltaic one to be. ((.'ar*? must be taken, to 
keep the engraved surface of the plate clean). * • 

It is now ready to be placed in* the appara^is to be 
deposited on. • 

Should the plate? be lead,—or, what is still better, type- 
metal,—the preparation of wax does not require to be given 
to the plate, as, when it is deposited on to the given thickness, 
applying heat is sufficient to loosen the plates. * 


TO PROCURE FAC-SIMILES OF MEDAT.S, &C. 

This may be done by two different methods ; the one, by 
depositing a mould, of the voltaic metal on the face of the 
medal, (having first heated it, and applied wax), and then 
depositing the metal (by a subsequent operation) in the mould 
so formed. 

But the more ready way is, to take two pieces of milled 
sheet lead,‘(cast lead not being equally soft), having surfaces 
perfectly clean and free from indentation. PuJAhe medal- 
between the two pieces of lead, subjecting the whole to pres¬ 
sure in a screw-press.f* A complete mould of both sides is thus 
formed in the lead, showing the most delicate liner, perfect 
(in reverse). Twenty - or even a hundred—of these may be 
so forijied on one sheet of lead, and are deposited by the vol¬ 
taic process with equal or greater facility; as, the more ex¬ 
tensive the apparatus, the more regularly and expeditiously 
does the operation proceed.—Those portions of the surface of 
the lead, where the moulds do not occur, may be varnished, 

. • . 

* It may be necessary to note, that the voltaic mould will also 
require the application of the wax. 

+ A common copying-machine will serve the purpose, for a 
small medal, not having much relief. • 

Should the medal be large, and«in hold relief, it would be better 
to have a small portion of the lead cut out, or turned in a lathe, so 
that the medal might (to a certain extent) fit ifito the lead before 
being pressed up; this will prevent injury of the medal, and give 
a rim to the fac-simile. 
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to neutralize the voltaic action ; or, (a whole sheet of copper 
being deposited), the voltaic medals may # after wards be eut 
out. 

A piece of "wire must now be soldered neatly to the back 
of the leaden plate ; it is then readyite be put in action. 

[This applieg to the formation of one side of a tnedal only. It 
requires extremely careful manipulation to form both sides; anti as 
I think y**re may be a better method than the one 1 have hitherto 
adopted, I defer stating^ it until J have obtained the result of an 
experiment now in operation.J 


A VOLT\IC "iMrRESSION FROM A PLASTER OR CLAY MODEL. 

't'his process is partially described in a preceding page;* in 
addition to which I may state, that when the plaster or clay 
nrhament is gilt with gold leaf, or bronzed, a copper wire 
should be attached to it, by running through from the back, 
until the point appears above the front surface,—or level with 
it will be sufficient. The other end must then be attached 
to the binding screw connecting it with the zinc, in all respects 
similar to any of the foregoing methods. 


* TO OBTAIN ANY NUMBER OF COPIES FROM Att ALREADY 
ENDRAVED COPPER-PLATE. % 

A copper-plate may be taken, engraved in the common 
mannej—the tines being in intaglio. Procure an equal- 
siz&l piece of sheet-lead; lay it on the engraved side of the 
plate* and put both under a very powerful press; when taken 
out, t^e lead will have every line, in relief, that had been 
sunk in the copper. « 

A wood engraving may be operated on in like manner; 
—as lead, being pressed into if, will not injure it. 

A wire may now be soldered to the lead ; then bed it in a 
box; and put it into the voltaic apparatus,—when a copper¬ 
plate, being an exact fac-simile of the original, will be formed. 

In this process, care must be taken that the lead is clean 
and bright, as it corner from the roller in the milling-process, 
and consequently free from any oxidation, which it soon ac¬ 
quires, if exposed to the atmosphere. It should be put in 
action as soon as*possible after being taken out of the press. 

* See page 263. 

Vol. IV!— N<lf. 22, January, 1840. U 
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• REMARKS 

* *• 

ON TIIE MANAGEMENT OF THE APPARATUS. 

• 

Next to electro-magpejism, there is no branch of science 
that requires more dexterous manipulation than voltaic, or 
electro-chemistry; the most trilling film pf oxidation often 
retarding the action of the most powerful apparatus. But, 
in the present instance, slow action, and simplicity ofcarrangc- 
ment, being the predominating features, such nice attention 
to minutim is not absolutely necessary,—or at least not so 
much so as to deter those hitherto unacquainted with the 
subject from practising. 

In all cases, to ensure metallic connexion, biifding-screws 
are preferable to cups of mercury; but, in using them, the 
copper wire, where the attachment is made, must be brightened 
with a piece of emery paper,—also the point of the screw, 
where it presses on the wire. In soldering the wires to the 
plates, let as little resin be used as possible; sal ammoniac, 
or dilute muriatic acid, answers the purpose much better. 

In these experiments, l have invariably found an equal 
sized piece of zinc to answer best. In the construction of 
galvanic batteries in general, l am aware, this is a moot point 
with high authority; but my own practice, which has been by 
no means small, with batteries of every construction, has led 
me to the opinion that, wherever slow and equable action is re¬ 
quired, the positive and negative electrodes shouhy>e of equal 
superficial area.—Although amalgamated zinc plates are 
preferable where combined intensity and continuity of action 
are required, they must not be used, under an/circumstances, 
for the present purposes.—It will, likewise, be found to' be 
essential that the thickness of the zinc be equal to that t>f the 
required deposition. # 

Let the porous bottbm of the interior vessel, containing the 
zinc, be a little larger than either of the electrodes. I have 
hitherto used, for this purpose, either bottomless glass cylin ■ 
ders, or wooden boxes, varnished, with plaster bottoms; but 
I should recommend a well glazed earthenware vessel, having* 
no bottom,*but a slight rim projecting inwards, to secure the 
plaster. The zinc should be occasionally taken out of the 
arrangement, during continuance of the process, and cleansed 
by washing it in water; the Saline solution may also be 
renewed. 

* These observations ar** intended for the guidance, in the first 
instance, of those who arc practically unacquainted with voltaic 
arrangements. 9 
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•Crystals of sulphate of copper should bvj added, horn time to 
time,lod.he cupreous solution; but, should the exposition require 
to be thick jmd long-continued, it will be necessary to take 
out the cupreous solution #nee or twice during the operation, 
and"add an entirely fresh one,—as*tlie sulphuric acid, neces¬ 
sarily set free after the de-oxidisement of the copper, when 
it predominates to any extent, prevents the required action 
from taking place qji the copper; instead of which, a sub or 
di-oxide of copper is deposited, in the form of a reddish brown 
powder—the solution being rendered colourless. When this 
takes place, the plate should be taken out, ,and well washed 
in very dilute nitric acid. 1 have tried several methods to 
take up the sulphuric acid as it was set free; pure clay 
answers this purpose pretty well, the acid combining to a 
certain extent with it, and forming a sulphate of alumina, 
or alum, at the bottom of the vessel.* 

• When the voltaic copper is bent, it breaks at a similar 
angle to cast copper; but when heated to a red heat, and 
slowly cooled, it assumes somewhat of the pliability of rolled 
sheet copper, requiring to be bent several times before break¬ 
ing ; should it now be beaten on an anvil, it will resume its 
brittleness. 

It may be filed, polished, and cut with shears, in the usual 
manner-—the surface acquiring as fine a polish as the copper 
• in use among engravers. 

Should a thick mass of metal be requisite for any practical 
purpose: *as it would require a considerable lapse of time 
before it could be obtained by the vqjtaic process,* the back 
of the^depositfcd metal may he thickened, or filled up with 
sotder, in a 'manner already practised in the arts, without the 
slightest injury to the surface or texture of the deposited 
metal. 


* To deposit metal equal to one-eighth of an inch in thickness, 
requires about eight or ten days’ continuous action : the superficial 
extent of the deposition not being material, as regard** tin* duration 
ot the process. 
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the lead, -with types. Tlie lead, thus prepared, \va~ then put into the apparatus it illustrate 
being ill relief,—which is here printed oh, accompanying the pages ot the treatise. 
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NOTE. 

We have lead Mr. Spencer’s paper with much pleasure ami 
satisfaction; and must certainly express our extreme surprise 
at our author’s extraordinary reception at the Birmingham 
Meeting of .the British Association, for the promotion of 
Science. We have not the pleasure of knowing who Mr. 
Spenc#r % is, nor what is his* position in society: but no one, 
who reads the preceding paper, can hesitate acknowledging 
that he is a “ scientific man.” As for ourselves, we have no 
hesitation in stating, that Mr. Spencer’s paper is, without 
exception,, the most interesting one, on voltaic electricity, 
that has hitherto been presented to the notice of the British 
Association^/- the promotion of Science. Edit. 


ADDITIONAL INFORMATION FROM MR. SPENCER. 
To the Editor of the Liverpool Mercury. 


Sir, 

In your last number you expressed some doubts as to the 
correctness of „the account of my process, given in the Athe- 
meum, and condensed from the account given in the pamphlet 
published by the Polytechnic Society. 1 have since looked 
over it, and find nothing absolutely incorrect, yet (in the at¬ 
tempt to condense the details of the process, there is a tur¬ 
bidness which materially interferes w4th a proper understand¬ 
ing of*the whole. I shall now detail to you, as briefly as 
possible, the method I would adopt to copy a wood engraving 
in copper,—and as it will apply to some other processes con¬ 
nected with the subject, it will, I trust, not be unacceptable 
to your readers. * 

I may premise that, but for the plasticity and perfectly 
unelastic property of lead, the discovery would be of but 
comparatively small value. Plumbers who have handled the 
substance for the greater portion of their lives, are astonished 
to find it so susceptible of pressure; on the colitrary, wood 
engravers did not, untir now, imagine their blocks would 
stand the pressure of *a screw press on a lead surface without 
injury; but such is the fact*in both instances. In the manner 
in which box wpod is used for wood engravings, being hori¬ 
zontal sections, it will Sustain a pressure of SUOOlbs. without 
injury, provided the pressure is perfectly perpendicular. 

•The wood engraving being given, take a pieee ol sheet 
lead the requisite size; let its superfice be about one-eighth 
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of an inch larger all round than that of the wooden block. 
Tho load must now bo planed with a common plane, just as a 
piece of soft wood: the tool termed by the joiner the try 
plane does best;—a deaf blight 'surface is thus obtained, 
such as 1 have been unable to got by any other means. The 
engraved surface of the wood must now be laid o # n the planed 
surface of the lead, and both put carefully in the press; should 
the engraving have more than Jl wo inches of supcfQccs, a 
copying press is not powerful enough, Whatever press is used, 
the subject to be copied must be cautiously laid in tho centre 
of the pressure, ds a very slight lateral force will in some de¬ 
gree injure the process. The lead to he impressed upon must 
rest on the-iron plate of the press, as must the back part of 
the wood engraving; the pressure to be applied regularly, and 
not, as in some cases with a jerk. When the pressure is 
deemed complete, they may be taken out; and if, on ex¬ 
amination, the lead is not found to ho completely up, the 
wood engraving may be neatly relaid on the lead, and again 
submitted to the press, using the same precaution as before. 

When the lead is taken out a wire should be soldered to it 
■immediately, and put into the apparatus w ithout loss of time, 
as the less it is subjected to the action of the atmosphere the 
better;—care should also he taken not to touch the surface 
with the fingers. In the pamphlet I stated the length of 
time usually taken to deposit tho required thickness of metal;' 
— I have keen since able to abridge that period three or four 
fold, as F keep the solutions at a temperature of from 120 to 
ISO Farcnheit. It has'been suggested td me, by Mr. ('rosso, 
of Broomfield, to keep the solutions boiling, which still fyr- 
ther increases the rapidity of the deposition. Contrary to 
general chemical analogy the deposited metal is of a lfmch 
superior quality to that deposited by the very slow actions of a 
common temperature. 

At the same time it must he borne in mind, that if the pro¬ 
cess is quickened by strengthening the solution in the positive 
cell by the addition of an acid, the metal deposited in the 
opposite one is of a very inferior quality; so much so as to he • 
totally unfit “for any practical purpose. Under these circum¬ 
stances the deoxidizing process is not completed, the deposit 
being a reddish brown protoxide of copper; tins last, if let 
remain for a few days longer, undergoes a still further change, 
it then becomes a black oxide of copper, such as may he used 
for organic analysis; ami, were I td pursue this branch of 
chemistry, I should never resort to any other method of 
obtaining it. • 
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« 

The above process will apply to copying engraved copper¬ 
plates, or medallions. 

1 have alf^p been able to obtain impressions from wood 
engravings by the following method. Take a piece of tinfoil 
the size, or thereabouts, of the en|jrhving; place it on the 
engraved surface; over this place a piece of sheet India rubber, 
and put the 'whole in a press; on taking out of which it 
will he found the tiiys thoroughly impressed into the lines of 
the wood. A coating of piaster of Paris must now he laid 
on the tin to about half an inch in thickness ; when set, the 
whole may be taken olf the wooden blo,ck. It will be 
found that the tin adheres to the piaster, and leaves the face 
of the engtfiving. The tin surface may now be deposited on 
to any required thickness. The above was tried on a coarse 
wood engraving. I am unable to say how it might answer 
for a line one. * 

*T have been more than once reminded of the fusible metal, 
that melts at a temperature of boiling water, hut have had no 
opportunity of trying it; it might he applicable for copying 
wood engravings. 

1 have yet another method which T am in hopes will still 
further improve the process, hut as it is not matured I shall 
take a future opportunity of communicating it: being a 
modification of the apparatus, it will require an engraving to 
explain it. • 

Yours, &c., 

THOMAS SPENCER. 

* • 


XXXVII. On the nse of Voltaic, Electricity. In a letter 
to ike Rev. J. B. Reade. By Mr. Sturgeon. 

• 

Westmoreland Cottage, 

December 2, 1839. 

My dear Sir, 

During our conversation, this morning,' oh the subject of 
taking fac simile impressions, in copper, of medallions, coins, 
See., by the process of Yoltaism, you will remember that the 
idea occurred to me qf giving them silver or golden surfaces, 
by a similar voltaic process^; employing a solution of either of 
those metals in connexion with the prepared matrix, instead 
of a solution df coppej*. Turning the subject over in my 
mind whilst walking home, a thought struck me that a com¬ 
plete medallion of any kind of metal might easily he made, 
by (he voltaic process; or the medallion might be constructed 
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of different metals and in a variety of ways, which it would 
he difficult to imitate by any other process. 

The following are some of the methods:— • 

Let. a matrix of eachjsi^e of th£ medallion intended to he 
copied he made in the usual way, by means of the alloy 
usually called Newton s fusible metal, and let the metal he 
about an eighth of an inch in thickness. To the back of this 
metal is to be soldered one end yf a copper wire, aiH^to the 
other end a piece of zinc, which is afterwards to be amal¬ 
gamated. The metal in which the matrix is formed is now 
to be covered with a thin stratum of either varnish or wax, 
leaving bare the matrix only. The wire is also to be covered 
in a similar manner, and is to be bent so as to adapt the vol¬ 
taic metals to their respective positions in the vessels holding 
the liquids employed. tn a few hours the matrix will have 
received a coating of precipitated metal from the solution, 
which may be either gold or silver: the thickness of the 
coating will depend upon the time. When this coating is sup¬ 
posed to be of sufficient thickness, remove the solution of 
the silver or the gold, as the case may be, and replace it by a 
solution of the sulphate of copper, and in the course of a few 
days you will have a considerable thickness of copper preci¬ 
pitated on the silver coating in the matrix. These two metals 
will adhere firmly together so as to be one piece. When this 
young semi-fnedallion is removed from the matrix, it will 
have a copper body with a silver or a gold face. Its twin 
sister may be formed by proceeding in the same way, with the 
matrix formed from the opposite face of tile original medallion, 
and when the process is completed the flat copper sicks may 
he soldered neatly together, so as to form a complete me¬ 
dallion similar to the original one. • 

% a similar process a complete medallion may he formed 
having a gold surface*on one side and a silver one on the 
other. 

Another beautiful variation may be made by the following 
process. Imaging that we wanted a medallion whose promi¬ 
nent parts should he of gold, and the rest silver. The head 
of Ni;wTOX,*for instance, with its motto, to be of^old. Var¬ 
nish with wax every other part of the matrix, and put it in 
galvanic action in a solution of gold. Ifi a few hours a golden 
head and motto will be formed. • Now remove the gold solu¬ 
tion ; and clean the matrix of its coating of.wax. Now put 
the matrix in voltaic action in a solution of silver, and the 
face of the new medallion will be filled up with silver. If the 
hotly of the medallion is to be silver, the action may be con¬ 
tinued for a few days; hut if the body is to be of copper, pro- 
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reed as before directed with a solution of sulphate of copper. 
Similar prdeesses give infinite scope to the ingenious in vary¬ 
ing and ornamenting this class of voltaic productions. 

I am, my dear Sir, 

Youfrs’very truly, 

W. STURGEON. 


To the Rev. /.Vi. Reade. 


t 

XXXVTIi. Contributions to Electricity and Magnetism. 
Ihj Joseph Henry, L.L.D., Professor of Natural Philo¬ 
sophy, in the College of New Jersey, Princeton* 


On Electro-Dynamic Induction. 


INTRODUCTION.. 

T. Since my investigations in reference to the influence of 
a spiral conductor, in increasing the intensity of a galvanic 
current, were submitted to the Society, the valuable paper 
of l)r. Faraday, on the same subject, has been published, and 
also various modifications of the principle have been made by 
Sturgeon, Masson, Page, and others, to increase the effects. 
The spiral conductor has likewise been applied by Cav. 
Antinori to produce a spark by the action of a thermo-elec¬ 
trical pile : and Mr. Watkins has succeeded in exhibiting all 
the phenomena of hydro-electricity by the same means. 
Although the principle has been much extended by the 
researches of Dr. Fsyaday, yet I am happy to state that the 
results.obtaintd by this distinguished philosopher are not at 
variance with those given in my paper. 

2. » I now offer to the Society a new series of investigations 
in the same line, which I hope may also be considered of 
sufficient importance to merit a place # in the Transactions. 

3. The primary object of these investigations was to dis¬ 
cover, if possible, inductive actions in common electricity 
analogous to those found in galvanism. For this purpose a 
series of experiments was commenced in the Spring of 183(>, 
but 1 was at that time diverted, in part, from the immediate 
object of my research, by a new investigation of the pheno¬ 
mena known in common electricity by the name of the 
lateral discharge. Circuu^tanccs prevented my doing any 
thing further, in the way of experiment, until April last, 
when most of the resists which 1 now offer to the Society 
were obtained. The investigations are not as complete, in 


* Ccymnunicated by the Author. 
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several points, as. I could wish, but as my duties wil+ not 
permit me to resume the subject for some months to come, 
I therefore present them as they are; knowing, from the in¬ 
terest excited by this branch of # science in every part of the 
world, that the errors-which may exist will soon be detected, 
and the truths he further developed, 

4. The experiments arc given nearly in thc*order in which 
they were made j and in general they are accompayicd by the 
reductions which led to the scwral steps of the investigation. 
The whole series is divided, for convenience of arrangement, 
into six sections, although the subject may be considered as 
consisting, principally, of two parts. The first relating to a 
new examination of the induction of galvanic currents ; and 
the second to the discovery of analogous results in the dis¬ 
charge of ordinary electricity.* 

5. The principal articles of apparatus used in the experi¬ 
ments, consist of a number of flat coils of copper riband, 
which will be designated by the names of coil No. 1, coil 
No. 2, &c.: also of several coils of long wire; and these, to 
distinguish them from the ribands, will be called helix No. 1, 
helix No. 2, &c. 

(>. Coil No. 1 is formed of thirteen pounds of copper plate, 
one inch and a half wide and ninety-three feet long. It is 
well covered with two coatings of silk, and was generally 
used in the, form represented in fig. 2, Plate VI., which is 
that of a flat spiral sixteen inches in diameter. It was how¬ 
ever sometimes formed into a ring of larger diameter, as is 
shown in fig. 5. f 

7. Coil No. 2 is alsd formed of copper plate, as the same 
width and thickness as coil No. 1. It is, howevdr, only sftty 
feet long. Its form is shown at Z», fig. 2. The openiyg at 
the ccirtre is sufficient to admit helix No. ]. Coils No. 
3, 4, 5, 6, &c. are all gibout sixty feet long, and of copper 
plate of the same thickness but of half the width of coil, 
No. 1. 

8. Helix No. 1 consists of sixteen hundred and sixty yards 
of copper wire,’ Vjth of an inch in diameter. No. 2, of nine 
hundred and ninety yards ; and No. 3, of three hundred and 
fifty yards, of the same wire. These helices irt*e shown in 
fig. 3, and are so adjusted in size as to fit into each other; 
thus forming one long helix pf three thousand yards: 

or, by using them separately, and in different combinations, 

* 

* The several paragraphs arc numbered in succession, from the 
first to the last, after the mode adopted by Mr. Faraday, for c«yi- 
\ cnicnce of reference. 
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seven'hcliceB of different lengths. The wire is covered with 
cotton thread, saturated with bees’ wax, and between each 
stratum of spirc^ a coating of silk is interposed. 

9. Helix No. 4, is shown at; a, fig. 5 ; it is formed of five 
hundred and forty-six yards of wirf; • th of an inch in 
diameter, the several spires of which arc insulated by a coat¬ 
ing of cement.' Helix No. 5 consists of fifteen hundred 
yards of silvered copper wire, Vr.th of an inch in diameter, 
covered with cotton, and is of the form of No. 4. 

10. Besides these I wtis favoured with the loan of a large 
spool of copper wire, covered with cotton, ,\ 7 th of an inch in 
diameter, and five miles long. It is wound on a small axis 
of iron, and 'forms a solid cylinder of wire, eighteen inches 
long, and thirteen in diameter. 

11. For determining the direction of induced currents, a 
magnetizing spiral was generally used, which consists of 
abofit thirty spires of copper wire, in the form of a cylinder, 
and so small as just to admit a sewing needle into the axis. 

12. Also a small horse-shoe is frequently referred to, w r hich 
is formed of a piece of soft iron, about, three inches long, and 
v ,ths of an inch thick; each leg is surrounded with about 
live feet of copper bell wire. This length is so small, that 
only a current of electricity of considerable quantity can 
def elope the magnetism of the iron. The instrument is used 
jbr indicating the existence of such a current. # 

13. The battery used in most of the experiments is shown 
in iig. 2. it is formed of three concentric cylinders of cop¬ 
per, and two interposed cylinders of zinc. It is about eight 
inches Jiigh, fi$e inches in diameter, *and exposes about one 
square foot and three quarters of zinc surface, estimating both 
sides*of the metal. In some of the experiments a larger 
battery was used, weakly charged, but all the results men¬ 
tioned in the paper, except those wither Cruicksliank trough, 
can be obtained with one or two batteries of the above size, 
particularly if excited by a strong solution. The manner of 
interrupting the circuit of the conductor by means of a rasp, 

• b , is shown in the same figure. 

Section i. 

Conditions which influence the induction of a Current 
# ‘ on itself. 

14. The phenomenon of the spiral conductor is at present 
kyown by the name of the induction of a current on itself, to 
distinguish it from the induction of the secondary current, 
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discovered by Dr. Faraday. The two, however, belong to 
the same class, and experiments render it probable that the 
spark given by the long conductor is, from the natural elec¬ 
tricity of the metal, disturbed for an instant by the induction 
of the primary current.* Before proceeding to the other parts 
of these investigations, it is important to state the results of a 
number of preliminary experiments, made to 'determine more 
definitely the conditions which influence the aotjpn of the 
spiral conductor. * % 

15. When the electricity is of low intensity, as in the case 
of the thermo-electrical pile, or a large single battery weakly 
excited with dilute, acid, the flat riband coil No. 1, ninety- 
three feet long, is found to give the most brilliant deflagra¬ 
tions, and the loudest snaps from a surface of mercury. .The 
shocks, with this arrangement, are, however, very feeble, 
and can only be felt in the fingers or through the tongue. 

Hi. The induced current in a short coil, which thus pro¬ 
duces deflagration, but not shocks, may, for distinction, be 
called one of quantity. 

17- When the length of the coil is increased, the battery 
continuing the same, the deflagrating power decreases, while 
the intensity of the shock continually increases. With five 
riband coils, making an aggregate length of three hundred 
feet, and the small battery, fig. 2, the deflagration is less 
than with coil No. 1, but the shocks arc more intense. . 

18. There is, however, a limit to this increase of intensity 
of the Shock, and this takes place when the increased 
resistance or diminished conduction of the lengthened coil 
begins to counteract the influence of the increasing length of 
the current. The following experiment illustrates this fact. 
A coil of copper wire, r l „th of an inch in diameter, was 
increased in length by successive additions of about thirty- 
two feet at a time. After the first two lengths, or sixty-four 
feet, the brilliancy of the spark began to decline, but the 
shocks constantly increased in intensity, until a length of five 
hundred and seventy-five feet was obtained, when the shocks 
also began to decline. This was then the proper length to 
produce the maximum effect with a single battery, and a 
wire of the above diameter. 

19. When the intensity of the electricity of the battery is 
increased, the action of the short riband coil decreases. 
With a Cruickshank’s trough of sixty’plates, four inches 
square, scarcely any peculiar effect ?an be observed, when 
the coil forms a part of the circuit. If however the length of 
the coil be increased in proportion to the intensity of the 
current, then the inductive influence becomes apparent. 
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\Vhqj the current, from ten plates of the above-mentioned 
trough, was passed through the wire of the large spool (10), 
the induced shock Mas too severe to be taken through the 
body. Again, when a small trough of twenty-live one-inch 
plates, which alone would gite but a # vcry feeble shock, was 
used with helix No. 1, an intense shock was received from 
the induction, jvhen the contact was broken. Also a slight 
shock in this arrangement is given when the contact is formed, 
but it isbtery feeble «in comparison with the other. The 
spark, however, with the long wire and compound battery is 
not as brilliant as with the single battery and the short 
riband coil. 

‘20. When, the shock is produced from*a long wire, as in 
the last experiments, the si/e of the plates of the battery may 
he wry much reduced, without a corresponding reduction of 
the intensity of the shock. This is slyown in an experiment 
wil]i the large spool of wire (10). A very small compound 
battery w”is formed of six pieces of copper bell wire, about 
one inch and a half long, and an equal number of pieces of 
zinc of the same size. W hen the current from this was 
passed through the five miles of the wire of the spool, the 
induced shock was given at once to twenty-six persons 
joining hands. Tins astonishing effect placed the action of 
a coil in u striking point of view. 

$J1. With the same spool and the single battery used in the 
former experiments, no shock, or at most a very* feeble one, 
could be obtained. A current, however, was found to pass 
through the whole length, by its action on the galvanometer; 
but it was not ^ufficfently powerful toduducc a current which 
could rtmntoract the resistance of so long a wire. 

22. The induced current in these experiments may he 
consfdercd as one of considerable intensity , and small yaun- 
tity. • 

211. The form of the coil has considerable influence on the 
intensity of the action. In the experiments of Dr. Faraday, 
a long cylindrical coil of thick copper wire, inclosing a rod 
of soft iron, was used. This form produces the greatest 
• effect when magnetic reaction is employed; but in the case 
of simple galvanic induction, I have found tho form of the 
coils and helices represented in the figures most effectual. 
The several spires arc'more nearly approximated, and there¬ 
fore they exert a greater mutual influence. In sonic cases, 
as will be seen hereafter, the ring form, shown in fig. ■T>, is 
most effectual. * 

24. In all cases the several spires of the coil should he 
wfell insulated, for although in magnetizing soft iron, and in 
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analogous experiments, the touching of two spires js net. 
attended with any great reduction of action ; yet in the case 
of the induced current, as will be shown in the progress of 
these investigations, a single contact of two" spires is some¬ 
times sufficient to neutralize the whole effect. 

25. It must be recollected that all the experiments with 
these coils and helices, unless otherwise mentioned, are made 
without the reaction of iron temporarily magnetized ; since 
the introduction of this would, in sortie cases, interfere with 
the action, and render the results nitre complex. 


SUCTION II. 

« 

a 

Conditions which influence the production of Secondary 

Currents. 

20. The secondary currents, as it is well known, were 
discovered in the induction of magnetism and electricity, by 
l)r. Faraday, in 1831. But he was at that time urged to 
the exploration of new, and apparently richer veins of science, 
and left this branch to be traced by others. Since then, 
however, attention has been almost exclusively directed to 
one part of the subject, namely, the induction from magne¬ 
tism, and the perfection of the magneto-electrical machine. 
.And 1 know of no attempts, except tny own, to review and 
extend the*purely electrical part of Dr. Faraday’s admirable 
discovery. 

27. The energetic action of the flat coil, in producing the 
induction of a current on itself, led me to foncludc that it 
would also be the most proper means for the exhibition* and 
study of the phenomena of the secondary galvanic currents. 

28. J?or this purpose coil No. 1 was arranged to receive 
the current from the small battery, and coil No. 2 plated on 
this, with a plate of £lass interposed to insure perfect insula¬ 
tion ; as often as the circuit of No. 1 was interrupted, a 
powerful secondary current was induced in No. 2. The 
arrangement is the same as that exhibited in fig. 4, with 
the exception that in this the compound helix is represented* 
as receiving the induction, instead of coil No. 2. 

29. When the ends of the second coil were rubbed 
together, a spark was produced at the opening. When the 
same ends were joined by the Magnetizing spiral (11), the 
inclosed needle became strongly magnetic* Also when the 
secondary current was passed tbroifgh the wires of the iron 
horse-shoe (12), magnetism was developed; and when the 
ends of the second coil were attached to a small decomposing 
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apparatus, of the kind which accompanies the magneto 
electrical machine, a stream of gas was given off at each pole. 
The shock, however, from this coil is very feeble, and can 
scacoly he felt Above the fingers. 

150. This current has thefefore tlje .properties of one. of 
moderate intensity, but considerable quantity. 

HI. Coil No„l remaining as before, a longer coil, formed 
by unitin^Nos. 3, 4, and 5, was substituted for No. 2. With 
this arrangement, the*spark produced when the ends were 
nibbed together, was nut as brilliant as before ; the magne¬ 
tizing power was much less ; decomposition was nearly the 
same, hut the shocks were more powerful, or, in other words, 
the intensity* of the induced current uas increased by an 
increase of the length of the coil, while the quantity was 
appitrently decreased. 

o*2. A compound helix, formed by # uniting Nos. 1 and 2, 
and therefore containing two thousand six hundred and fifty 
yards of wire, was next placed on coil No. 1. The weight 
of this helix happened to be precisely the same as that of 
coil No. 2, and hence the different effects of the same quan¬ 
tity of metal in the two forms of a long and short conductor, 
could he compared. With this arrangement the magnetiz¬ 
ing effects, with the apparatus before mentioned, disappeared. 
The sparks were much smaller, and also the decompositions 
less, than with the short coil; but the shock was almost too 
intense to be received with impunity, except through the 
fingers of one hand. A circuit of fifty-six of the students 
of the senior class, received it at once from a single rupture 
of the battery current, as if from thenlischargc of a Leyden 
jar*weakly charged. The secondary current in this case was 
one of small quantity, but of great intensity. 

33. The following experiment is important in establishing 
the fifet of a limit to the increase of the intensity of the 
shock, as well as the power of decomposition, with a wire of 
a given diameter. Helix No. 5, which consists of wire only, 

, i--tli of an inch in diameter, was placed on coil No. 2, and 
its length increased to about seven hundred- yards. With 
this extent of wire, neither decomposition nor magnetism 
could be obtained, but shocks were given of*a peculiarly 
pungent nature; they did not however produce much 
muscular action. The wire of the helix was further increased 
to about fifteen hundred yatds; the shock was now found to 
be scarcely perceptible, in the fingers. 

34. As a counterpart to the last experiment, coil No. 1 
was formed into a ring of sufficient internal diameter to admit 
the great spool of wire (11), and with the whole length of 
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this (whiclf, as has before been stated, is five miles) the shock 
was found so intense as to be felt at the shoulder, when 
passed only through the forefinger and thumb. Sparks and 
decomposition were also produced, and needles rendered 
magnetic. The wire qf this sp?>ol is T ' (> th of an inch thick, 
and we therefore see from this experiment, that by increasing 
the diameter of the wire, its length may # also be much 
increased, with an increased effect. 

35. The fact (33) that the jnduced current is diminished 
by a further increase of the wire, aftrr a certain length has 
been attained, is important in the construction of the mag¬ 
neto-electrical machine, since the same effect is produced in 
the induction of magnetism Dr. Goddard of Philadelphia, 
to whom I am indebted for coil No. 5, found that when its 
whole length was wound on the iron of a temporary magnet, 
no shocks could be obtained. The wire of the machine may 
therefore be of such a length, relative to its diameter, as to 
produce shocks, but no decomposition; and if the length he 
still further increased, the power of giving shocks may also 
become neutralized. 

3(>. The inductive action of coil No. 1, in the foregoing 
experiments, is precisely the same as that of a temporary 
magnet in the case of the magneto-electrical machine. A 
short thick wire around the armature gives brilliant deflagra¬ 
tions, but a long one produces shocks. This fact, I believe, 
was first discovered by my friend Mr. Saxton, and afterwards 
investigated by Sturgeon and Benz. 

37. We might, at first sight, conclude, from the perfect 

similarity of these effects, that the eurrehts, whieh, according 
to the theory of Ampere, exist in the magnet, are like those 
in the short coil, of great quantity and feeble intensity; but 
succeeding experiments will show that this is not necessarily 
the g|ise. « 

38. All the expcriilients given in this section have thus 
far been made with a battery of a single element. This con¬ 
dition was now changed, and a Cruickshank trough of sixty 
pairs substituted.' When the current from this was passed 
through the riband coil No. 1, no indication, or a very feeble 
one, was given of a secondary current in any o£the coils or 
helices, arranged as in the preceding experiments. The 
length of the coil, in this case, was not commensurate with 
the intensity of the current from the battery. But when the 
long helix No. 1, was placed instead of coil No. 1, a powerful 
inductive action was produced on t’ach of the articles, as 
.before. 
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• &). First, helices No. 2 and 3 were united into one, and 

placed within helix No. 1, which still conducted the battery 
current. Wi^h this disposition a secondary current was pro¬ 
duced, which gave intense shocks but feeble decomposition, 
and no magnetism in the soft iron horseshoe. It was there¬ 
fore* one of intensity, and was induced by a battery current 
also of iutensily. 

40. Instead of the helix used in the last experiment for 

receiving the induction, one*of the coils (No. 3) was now 
placed on helix No. 1, the battery remaining as before. With 
this arrangement the induced current gave no shocks, hut it 
magnetized the small horseshoe; and wfyen the ends of the 
coil were nibbed together, produced bright sparks. It had 
therefore the properties of a current of quantity; and it was 
produced by the induction of a current, from the battery, of 
intensity. * 

41. Thisexperimcnt was considered of so much importance, 
that it was varied and repeated many times, but always with 
the same result; it therefore establishes the fact that an 
intensity current can induce one of quantity, and, by the 
preceding experiments, the converse has also been shown, 
that a quantity current ran induce one of intensity. 

42. This fact appears to have an important bearing on the 
law of the inductive action, and would seem to favour the 
supposition that the lower coil, in the two experiments with 
the long and short secondary conductors, exerted the same 
amount of inductive force, and that in one case this was ex¬ 
pended (to use the kmguage of theory) in giving a great 
velocity to a small quantity of the fluid, and in the other in 
proGucing a 'slower motion in a larger current; but in the 
two crises, were it not for the increased resistance to conduc¬ 
tion in the longer wire, the quantity multiplied by the velocity 
would*be the same. This, however, in as yet a hypothesis, 
but it enables us to conceive how intensity and quantity may 
both be produced from the same induction. 

43. From some of the foregoing experiments we may 
conclude, that the quantity of electricity in motion in the 
nelix is really less than in the coil, of the same weight of 
metal j but this may possibly be owing simply tothe greater 
resistance offered by the longer wire. It would also appear, 
if the above reasoning be correct, that to produce the most 
energetic physiological effects, only a small quantity of elec¬ 
tricity, moving utfth grei\t velocity, is necessary. 

44. In this and the preceding section, I have attempted to 
giv£ only the general conditions which influence the galvanic 
induction. To establish the law would require a great num- 

\ oi„ IV.—No. 22, January, 1840. N 
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ber of more refined experiments, and the con side ralidn of 
several circumstances which would affect the results, such as 
the conduction of the wires, the constant stale*)!’ the battery, 
the method of breaking the circuit with perfect regularity, 
and also more perfect means than we now possess of measuring 
the amount of the inductive action ; all these circumstances 
render the problem very complex. 


section in. 


On the Induction of Secondary Currents at a distance. 

45. In the experiments given in the two preceding Sections, 
the conductor which received the induction, was separated 
from that which transmitted the primary current by the thick¬ 
ness only of a pane of glass; but the action from this 
arrangement was so energetic, that 1 was naturally led to try 
the effect at a greater distance. 

46. For this purpose coil No. I was formed into a ring of 
about two feet in diameter, and helix No. 4 placed as is shown 
in fig. 5. When the helix was at the distance of about six¬ 
teen inches from the middle of the plane of the ring, shocks 
could be perceived through the tongue, and these rapidly 
increased in intensity as the helix was lowered, and when it 
reached the plane of the ring they were quite severe. The 
effect, however, was still greater, when the helix was moved 
from the centre to the inner circumference, as at c : but when 
it was placed without the ring, in contact with the outer cir¬ 
cumference, at b, the shocks were vgry slight; and when 
placed within, but its axis at right angles to that of the ring, 
not the least effect could be observed. 

47. With a little reflection, it will be evident thaf this 
arrangement is not the most favourable for exhibiting the 
iudi&tion at a distance, since the side of the ring, for example, 
at c , tends to produce a current revolving in one direction in 
the near side of the helix, and another in an opposite direction 
in the farther side. The resulting effect is therefore only 
the difference'of the two, and in the position as shown in the 
figure; this difference must he very small, since the opposite 
sides of the helix are approximately at the same distance 
from c. But the difference of action on the two sides con¬ 
stantly increases as the helix is brought near the side of the 
ring, and becomes a maximum when the two are in the posi¬ 
tion of internal contact. A helix of larger diameter would 
therefore produce a greater effect. 

48. Coil No. 1 remaining as before, helix No. 1, which is 
nine inches in diameter, was substituted for the small helix 
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of tTio last experiment, ami with this the effect at a distance 
was much* increased. VVlien coil No. 2 was added to coil 
No. 1, and thecurrents from two small batteries sent through 
these, shocks were distinctly* perceptible through the tongue, 
when the distance of the planes of the’ coils and the three 
helices, united as one, was increased to thirty-six inches. 

40. The action at a distance was still further increased hy 
coiling t|j« long wire (jf the large spool into the form of a 
ring of four feet in diameter, and placing parallel to this 
another ring, formed of the four ribands of coils No. 1,2, .‘I, 
and 4. When a current from a single battery of thirty-five 
feet of zinc surface was passed through the riband conductor, 
shocks through the tongue were felt when the rings were 
separated to the distance of four feet. As the conductors 
were approximated, the shocks became more and more 
severe; and when at the distance of twelve inches, they 
coufd not be taken through the body. 

50. It may be stated in this connexion, that the galvanic 
induction of magnetism in soft iron, in reference to distance, 
is also surprisingly great. A cylinder of soft iron, two inches 
in diameter and one foot long, placed in the centre of the 
ring of copper riband, with the battery above mentioned, 
becomes strongly magnetic. 

31. I may perhaps be excused for mentioning in this com¬ 
munication that the induction at a distance affords the means 
of exhibiting some of the most astonishing experiments, in 
the line of p/n/sii/ue anmsanle , to be found perhaps in the 
whole course of science. I will mentiyn one which is some- 
( what coy nectpd*with the experiments to he described in the 
next section, and which exhibits the action in a striking 
manner. This consists in causing the induction to take place 
through the partition wall of two rooms. For this purpose 
coil No. I is suspended against the wall in one room, while 
a person in the adjoining one receives the shock, by grasping 
the handles of the helix, and approaching it to the spot op¬ 
posite to which the coil is suspended. The effect is as if by 
snagic, without a visible cause. It is best produced through 
a door, or thin wooden partition. 

52. The action at a distance affords a simple method of 
graduating the intensity of the shock in the case of its appli¬ 
cation to medical purposes.. The helix may be suspended 
hy a string passing over a pulley, and then gradually lowered 
down towards the plane of the coil, until the shocks arc of 
Iho required intensity. At the request of a medical friend, 

I h;wc lately administered the induct d current precisely in 
this way, in a case of paralysis of a part of the iutvo- ot the 
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53. 1 may also mention that the energetic action of the 
spiral conductors enables us to imitate, in a very striking 
manner, the inductive operation of the magneto-electrical 
machine, by means of an uninterrupted galvanic current. 
For this purpose it i» dfoly necessary to arrange two coils to 
represent the two poles of a horse-shoe magnet, and to cause 
two helices to revolve past them in a parallel«plane. While 
a constant current is passing through each coil, ip opposite 
directions, the effect of the rotation oFthe helices is^jrecisely 
the same as that of the revolving arufhturc in the machine. 

54. A remarkable fact should here be noted in reference to 
helix No. 4, which is connected with a subsequent part of 
the investigation. * This helix is formed of copper wire, the 
spires of which are insulated by a coating of cement instead 
of thread, as in the case of the others. After being used in 
the above experiments#, a small discharge from a Leyden jar 
was passed through it, and on applying it again to the coil, 1 
was much surprised to find that scarcely any signs of a 
secondary current could be obtained. 

55. The discharge had destroyed the insulation in some 
part, hut this was not sufficient to prevent the magnetizing 
of a bar of iron introduced into the opening at the centre. 
The effect appeared to be confined to the inductive action. 
The same accident had before happened to another coil of 
nearly the game kind. It was therefore noted as one of some 
importance. An explanation was afterwards found in a 
peculiar action of the secondary current. 

SECTION IV. 

On the effects produced by interposing different Substances 
• betircen the Conductors. 

fjfi. Sir 11. Davy •found, in magnetizing needles by an 
electrical discharge, that the effect took place through inter¬ 
posed plates of all substances, conductors and non-con¬ 
ductors.* The experiment which I have given in paragraph 
51 would appear to indicate that the inductive action which 
produces the secondary current might also follow the same 
law. 

57* To test this the compound helix was placed about five 
inches above coil No. 1, fig. 6j and a plate of sheet iron, 
about , Vth of an inch thick, interposed. )yith this arrange¬ 
ment no shocks could be obtained ;'although, when the plate 
was withdrawn, they were very intense. 


* Philosophical Transactions, 1821 . 
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• ftH. It was at first thought that this effect might be pecu¬ 
liar to the*iron, on account of it*, temporary mag.ietism ; but 
this idea was shown to be erroneous by substituting a plate 
of zinc of about the same sue and thickness. With this the 
screening influence was exhibited as uGfore. 

f>9. Alter this a variety of substances was interposed in 
succession, liaflicly, copper, lead, mercury, acid, water, wood, 
gl.r-s, tac#; and it was found that all the perfect conductors, 
such ns*the metals, produced the screening influence ; but 
non-conductors, as glass, wood, &c., appeared to have no 
effect whatever. 


(>t). When the helix was separated fropi the coil by a dis¬ 
tance oiil\ tljual to the thickness of the plate, a slight sen¬ 
sation could be perceived even when the zinc of tli of an 
inch in thickness was interposed. This effect was increased 
by increasing the quantity of the bifttcry current. If the 
thickness of the plate was diminished, the induction through 
it became more intense. Thus a sheet of tinfoil interposed 
produced no perceptible influence; also four sheets of the 
same were attended with the same result. A certain thick¬ 


ness of metal is therefore required to produce the screening 
effect, and this thickness depends on the quantity of the 
current from the battery. 

<)l. The idea occurred to me that the screening might, in 
some way, be connected with ail instantaneous current in the 
plate, similar to that in the induction by magnetic rotation, 
discovered by M. Arago. The ingenious variation of this 
principle by Messrs. Babbage and llerschell, furnished me 
with a simple rticthod of determining This point. 

62. A circular plate of lead was interposed, which caused 
the induction in the helix almost entirely to disappear. A 
slip of the metal was then cut out in the direction of & radius 
of the circle, as is shown in fig. 7* With the plate in this 
condition, no screening was produced; the shocks were as 
intense as if the metal were not present. 

6B. This experiment however is not entirely satisfactory, 
, since the action might, have taken place through the opening 
of the lead ; to obviate this objection, another plate was cut 
in the same •manner, and the two interposed with a glass 
plate between them, and so arranged that the opening in the 
one might be covered by the continuous part of the other. 
Still shocks were obtained with undiminished intensity. 

64. But the e5cistenc^ of a current in the interposed con¬ 
ductor was rendered certain by attaching the magnetizing 
spiral by means of two wires to the edge of the opening in 
the circular plate, as is shown in fig. H. By this* arrange- 
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mcnt the latent current was drawn out, and its direction ob¬ 
tained by the polarity of a needle placed in the spiral at b. 

65. Tliis current was a secondary one, and its direction, 
in conformity Avith the discovery of Dr. Faraday, was found 
to be the same as that M the primary current. 

66. That the screening influence is in some way produced 
by the neutralizing action of the current thus* obtained, will 
be clear, from the following experiment. The plate of zinc 
before mentioned, which is nearly twice the diameter of the 
helix, instead of being placed between the conductors, was 
put on the top of the helix, and in this position, although the 
neutralization was not as perfect as before, yet a great reduc¬ 
tion Avas observed in the intensity of the shock.* 

67. But here a very interesting and puzzling question 
occurs. How docs it happen that two currents, both in* the 
same direction, can neutralize each other ? I was at first 
disposed to consider the phenomenon as a case of real elec¬ 
trical interference, in which the impulses succeed each other 
by some regular interval. But if tliis were true the ell'ect 
should depend 011 the length and other conditions of the cur¬ 
rent in the interposed conductor. 1 11 order to investigate this, 
several modifications of the experiments were instituted. 

<58. First a flat coil (No. 3) was interposed instead of the 
plates. When the two ends of this were separated, Jthe 
shocks were received as if the coil were not present; but 
Avhcn the ends Avere joined, so as to form a perfect metallic 
circuit, no shocks could be obtained. The neutralization Avith 
the coil in this experiment was even more perfect than with 
the plate. ’ „ 

69. Again, coil No. 2, in the form of a ring, Avas placedaot 
between the conductors, but around the helix. With this 
disposition of the apparat us, and the ends of the coil joined, 
the shocks were scarcely perceptible, but Avhen thb ends 
were separated, the presence of the coil has no effect. 

70. Also Avhen helix No. 1 and 2 were together submitted 
to the influence of coil No. 1, the ends of the one being joined, 
the other gavfe no shock. 

71. The experiments Avere further varied by placing helix 

No. 2 within a hollow cylinder of sheet brass, ami this again 
Avithin coil No. 2 in a manner similar to that shoAvn in fig. 13 
AA r hich is intended to illustrate another experiment. In this 
arrangement the neutralizing aifiion was exhibited, as in the 
case of the plate. • 

72. A hollow cylinder of iron AA’as next substituted for the 
one of brass, and with this also no shocks could be obtained. 

73. From these experiments it is evident that the neutral¬ 
ization takes place with currents in the interposed oV adjoin- 
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• ngk conductors of all lengths and intensities, and therefore 
•annot, as it appears to me, he referred to the interference of 
wo systems of vibrations. 

74. This p:ftt of the investigation was, for a time, given up 
dmost in despair, and it 'ft'.ts notlintil new light had been 
obtained from another part of the inquiry, that any further 
advances could he made towards a solution of the mystery. 

7‘). lie fore proceeding to the next Section, I may here 
state tl»if the phenonrenon mentioned, paragraph 54, in refer¬ 
ence to helix Mo 4, isaconncctcd \v ith the neutralizingaction. 
The electrical discharge having destroyed the insulation at 
some point, a part of the spires would thus form a shut cir- 
c.iit, and tl^e induction in this would counteract the action in 
the*other part of the helix ; or, in other words, the helix 
was in the same condition as the two helices mentioned in 
paragraph 76, when the ends of the tyre of one were joined. 

Also the same principle appears to have an important 
hearing on the improvement, of the magneto-electrical ma¬ 
chine: since the plates of metal which sometimes forms the 
ends of the .spool containing the wire, must necessarily 
diminish the action, and also trom experiment of paragraph 
72 the armature itself may circulate a closed current which 
will interfere with the intensity of the induction in the sur¬ 
rounding wire. 1 am inclined to believe that the increased 
effect observed by Sturgeon and Bachhoffncr, when a bundle 
of wire is substituted for a solid piece of iron, is ift least in part 
due to the interruption of these currents. 1 hope to resume 
this part of the subject, in connexion with several other 
points, in another Communication to.the Society. 

• 77* "The .results given in this Section may, at first sight, 
be thought at variance with the statements of Sir H. Davy, 
that needles could be magnetised by an electrical discharge 
with conductors interposed. But from his method of per¬ 
forming the experiment, it is evident'that the plate of metal 
was placed between a straight conductor and the needle. The 
arrangement was therefore similar to the interrupted circuit 
in the experiment with the cut plate (62), which produces 110 
Screening effect. Had the plate been curved into the form 
of a holloy cylinder, with the two ends in contact, and the 
needle placed within this, the effect would have been other¬ 
wise. 

. section v. 

On the Production at{d Properties of induced Currents oj 
the Third , Fourth, and Fifth order. 

* 7H. The fact of the perfect neutralization of the primary 
current by a secondary, in the interposed conductor, led me 
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to conclude that if the latter could be drawn out, or separat'd 
from the influence of the former, it would itself be capable 
of producing a new induced current in a third conductor. 

79. The arrangement exhibited in fig. 9, furnishes a ready 

means of testing this, /flic primary current, as usual, is 
passed through coil No. 1, while coil No. 2, is placed over 
this to receive the induction, with its ends joined to those of 
coil No. 3. By this disposition the secondary currmit passes 
through No. 3; and since this is at a distance, and without 
the influence of the primary, its separate induction will be 
rendered manifest by the effects on helix No. 1. When the 
handles a, b , are grasped a powerful shock is received, proving 
the induction of a tt4tiary current. • 

80. By a similar but more extended arrangement, as shown 
in fig. 10, shocks were received from currents of a fourth and 
fifth order; and with a«tuore powerful primary current, and 
additional coils, a still greater number of successive induc¬ 
tions might be obtained. 

81. The induction of currents of different orders, of suffi¬ 
cient intensity to give shocks, could scarcely have been anti¬ 
cipated from our previous knowledge of the subject. The 
secondary current consists, as it were, of a single wave of 
the natural electricity of the wire, disturbed but for an in¬ 
stant by the induction of the primary ; yet this has the power 
of inducing another current, but little inferior in energy to 
itself, and thus produces effects apparently much greater in 
proportion to the quantity of electricity in motion than the 
primary current. 

82. Some difference -may be conceived to, exist in the 
action of the induced currents, and that from the btittcry, 
since they are apparently different in nature; the one con¬ 
sisting, tvs we may suppose, of a single impulse, and the other 
of a succession of such impulses, or a continuous action.* It 
was therefore importanf to investigate the properties of these 
currents, and to compare the results with those before ob¬ 
tained. 

83. First, in‘reference to the intensity, it was found that 
with the small battery a shock could he given from the cur¬ 
rent of the third order to twenty-five persons joining hands ; 
also shocks perceptible in the arms were obtained from a 
current of the fifth order. 

81. The action at a distance wi!s also much greater than 
could have been anticipated. In one experiment shocks from 
the tertiary current were distinctly felt through the tongue, 
when helix No. 1, was at the distance of eighteen inches above 
the coil transmitting the secondary current. 



5397 


Prdf. Henry, on Electricity and Magnetism. 

« 

• The same screening effects were produced by the in¬ 
terposition* of plates of metal between the conductors of the 
different orders^, as those which have been described in refer¬ 
ence to the primary and secondary currents. 

86. Also when the long helix is placed over a secondary 
current generated in a short coil, and which is therefore, as 
we have before*shown, one of quantity, a tertiary current of 
intensity ifi produced. 

87. A$ain, when tl*c intensity current of the last experi¬ 
ment is passed through 9 a second helix, and another coil is 
placed over this, a quantity current is again produced. There¬ 
fore in the case of these currents, as in tl}Lit of the primary, 
a quantity current can be induced from one of intensity , and 
the converse. By the arrangement of the apparatus as shown 
in fig. 10, these different results are exhibited at once. The 
induction from coil No. 3, to helix No.*l, produces an inten¬ 
sity* current, and from the helix No. 2 and 4, a quantity 
current. 

88. If the ends of coil No. 2, as in the arrangement of fig. 
0, be united to helix No. 1, instead of coil No. 3, no shocks 
can be obtained j the quantity current of coil No. 2, appears 
not to be of sufficient intensity to pass through the wire of 
the long helix. 

89. Also, no shocks can be obtained from the handles 
attached to helix No. 2, in the arrangement exhibited in fig. 
11. In this case the quantity of electricity in the current 
from the helix appears to be too small to produce any effect, 
unless its power is multiplied by passing it through a con¬ 
ductor of many spires. 

* 90. llie n&xt inquiry was in reference to the direction of 

these .currents, and this appeared important in connexion 
with the nature of the action. The experiments bf Dr. 
Faraday would render it probable, that.at the beginning and 
ending of the secondary current, its induction on an adjacent 
wire is in contrary directions, as is shown to be the case in 
the primary current. But the whole action of a secondary 
.current is so instantaneous, that the inductive’ effects at the 
beginning and ending cannot be distinguished from each 
other, and We can only observe a single impulse, which, 
however, may be considered as the difference of two impulses 
in opposite directions. 

91. The first experiment' 1 happened to be made with a 
current of the fiAirth order. The magnetizing spiral (11) 
was attached to the ends of coil No. 4, fig. 10, and by the 
polarity of the needle it was found that this current was in 
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the same direction with the secondary and primary currents. 
By a too hasty generalization, I was led to conclude, from 
this experiment, that the currents of all orders are in the 
same direction as that of the battery current, and 1 was the 
more confirmed in this/from the results of my first experi¬ 
ments on the currents of ordinary electricity. The conclusion, 
however, caused me much useless labour and perplexity, and 
was afterwards proved to be erroneous. 

D2. By a careful repetition of thfi last experiment, in 
reference to each current, the important fact was discovered, 
that there exists an alternation in the direction of the currents 
of the several orders, commencing with the secondary. This 
result was so extraordinary, that it was thought necessary 
to establish it by a variety of experiments. For this purpose 
the direction was determined by decomposition, and als'o by 
the galvanometer, but the result was still the same; and at 
this stage of the inquiry I was compelled to the conclusion 
that the directions of the several currents were as follows: 


Primary current,.-f- 

Secondary current,.-j- 


Current of the third order, ... — 

Current of the fourth order, . . . -f 

Current of the fifth order, ... — 

93. In the first glance at the above table, we are strhch 
with the fact that the law of alternation is complete, except 
between the primary and secondary currents, and it appeared 
that this exception might possibly be connected with the 
induced current which takes place in the first coil itself, and 
which gives rise to the phenomena of the Spiral c(inductor. # 
If this should be found to be minus , we might consider it as 
existing between the primary and secondary, and the aiwmaly 
would thus disappear. Arrangements were therefore made 
to fully satisfy myself on this point. For this purpose the 
decomposition of dilute acid and the use of the galvanometer 
were resorted to, by placing the apparatus between the ends 
of a cross wire attached to the extremities of the coil, a 3 in 
the arrangement described by Dr. Faraday (ninth series) ? 
but all the results persisted in giving a direction to this cur¬ 
rent the same as stated by Dr. Faraday, namely, that of the 

* It should be recollected that all the inductions which have been 
mentioned were produced at the moment of braking the circuit of 
the battery current. The induction at*the formation of the current 
is too feeble to produce the effects described. 
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• p?fc nary current. 1 was therefore obliged to abandon the 
supposition that the anomaly in the change of the current is 
connected with the induction of the battery current on itself. 41 

94. Whatever may be the nature or causes of these changes 
in the direction, they offer a reAly. explanation of the 
neutralizing action of the plate interposed between two con¬ 
ductors, since a secondary current is induced in the plate; 
and although the action of this, as has been shown, is in the 
same direction as the current from the battery, yet It tends 
to induce a current in*the adjacent conducting matter of a 
contrary direction. The same explanation is also applicable 
to all the other cages of neutralization, even to those which 
take place between the conductors of the several orders of 
currents. 

9f>. The same principle explains some effects noted in 
reference to the induction of a current on itself. If a flat 
coil be connected with the battery, of course sparks will be 
produced by the induction, at each rupture of the circuit. 
Jlut if in this condition another flat coil, with its ends joined, 
be placed on the first coil, the intensity of the shock is much 
diminished, and when the several spires of the two coils are 
mutually interposed by winding the two ribands together 
into one coil, the sparks entirely disappear in the coil trans- 
nytting the battery current, when the ends of the other are 
joined. To understand this, it is only necessary to mention 
that the induced current in the first coil is a true secondary 
current, and it is therefore neutralized by the action of the 
secondary in the adjoining conductor; since this tends to 
produce a current in the opposite direction. 

«06. ft would also appear from the perfect neutralization 
which ensues in the arrangement of the last paragraph, that 
the induced current in the adjoining conductor ns more 
powerful than that of the first conductor; and we can easily 
see how this may be. The two ends^of the second coil arc 
joined, and it thus forms a perfect metallic circuit; while the 
circuit of the other coil may be considered as partially 
interrupted, since to render the spark visible the electricity 
' must be projected, as it were, through a small distance of 
air. • 

97. We would also infer that two contiguous secondary 
currents produced by the same induction, would partially 
counteract each other. Moving in the same direction, they 
would each tead to induce a current in the other of an 
opposite direction. This is illustrated by the following 
experiment: helix No. 1 and 2 were placed together, hut not 

* Ouj- theory, as given in Vol. I. of these Annals, fully explains 
Iln> whole phenomena. Edit. 
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united, above coil No. 1, so that they each might receive‘the 
induction; the larger was then gradually removed to a 
greater distance from the coil, until the intensity of the shock 
from each was about thp same,. When the ends of the two 
were united, so that the shock would pass through the body 
from the two together, the effect was apparent ly less than 
with one helix alone. The result, however, wfis not as satis¬ 
factory as in the case of the other experiments; a slight. dif¬ 
ference in the intensity of two shocks could not be appre¬ 
ciated with perfect certainty. 

SECTION VI. 

* 

The. production of induced Currents of the different Orders 
from ordinary Electricity. 

98. Dr. Faraday, in tile ninth scries of his researches, remarks 
that “ the effect produced at the commencement and the bnd 
of a current (which are separated by an interval of time when 
that current is supplied from a voltaic apparatus) must occur 
at the same moment when a common electrical discharge is 
passed through a long wire. Whether if it happen accurately 
at the same moment they would entirely neutralize each 
other, or whether they woidd not still give some definite 
peculiarity to the discharge, is a matter remaining to be 
examined.”* 

99. The discovery of the fact that the secondary current, 

which exists but for a moment, could induce another current 
of considerable energy, gave some indication that similar 
effects might be produced by a discharge of ordinary elec¬ 
tricity, provided a sufficiently perfect insulation could be 
obtained. * 

100. *To test this a hollow glass cylinder, fig. 12, of about 
six inches in diameter, was prepared with a narrow riband 
of tinfoil, about thirty feet long, pasted spirally around the 
outside, and a similar riband of the same length, pasted on 
the inside; so that the corresponding spires of the two were 
directly opposite* each other. The ends of the inner spiral 
passed out of the cylinder through a glass tube, to prevent 
all direct communication between the two. When the ends 
of the inner riband were joined by the magnetizing spiral 
(11), containing a needle, and a discharge from a half gallon 
jar sent through the outer riband, the needle was strongly 
magnetized in such a manner as to indicate*aw induced cur¬ 
rent through the inner riband in the same direction as that 
of the current of the jar. This experiment was repeated 
many times, and always with the same result. 
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/Noi. When the ends of one of the ribands were placed very 
nearly in contact, a small spark was perceived at the open¬ 
ing, the moment the discharge took place through the other 
riband. # 

102. When the ends of tlie same riband were separated to 
a considerable distance, a larger spark than the last could 
be drawn from each end by presenting a ball or the knuckle. 

103. ^lso if the ends of the outer riband were united, so 
a§ to foftii a perfect nlctallic (rircuit, a spark could be drawn 
from any point of the same, when a discharge was sent 
through the inner riband. 

104. The sparks in the two last experiments are evidently 
due to the action known in ordinary electricity by the name 
of the lateral discharge. To render this clear, it is perhaps 
nedbssarv to recall the well known fact, that when the knob 
of a jar is electrified positively, and the outer coating in 
connexion with the earth, then the jar contains a small ex¬ 
cess of positive electricity beyond what is necessary to per¬ 
fectly neutralize the negative surface. If the knob be put in 
communication with the earth, the extra quantity, or the 
free electricity, as it is sometimes called, will be on the ne¬ 
gative side. When the discharge took place in the above 
experiments, the inner riband became for an instant charged 
with this free electricity, and consequently threw off from 
the outer riband, by ordinary induction, the sparks described. 
It therefore became a question of importance to determine, 
whether the induced current described in paragraph 100 was 
not also a result of the lateral discharge, instead of being a 
true case of a ^pcontlary current analogous to those produced 

► fr#m galvanism. For this purpose the jar was charged, first 
with the outer coating in connexion with the earth, and again 
with the knob in connexion with the same, so that the extra 
quantity might be in the one case plus and in the other minus ; 
but the direction of the induced current was not affected by 
these changes j it was always the same, namely, from the 
positive to the negative side of the jar. 

105. When, however, the quantity of free*electricity was 
* increased, by connecting the knob of the jar with a globe 

about a fooUin diameter, the intensity of magnetism appeared 
to be somewhat diminished, if the extra quantity was on the 
negative side; and this might be expected, since the free 
electricity, in its escape to’ the earth through the riband, in 
this case would«tcnd to induce a feeble current in the oppo¬ 
site direction to that ofthe jar. 

106. The spark from an insulated conductor may be con- 
siScred as consisting almost entirely of this free or extra 
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electricity, and it was found that this was also capable of 
producing an induced current, precisely the same as that 
from the jar. In the experiment which gave this result, one 
end of the outer riband pf the cylinder (100) was connected 
with the earth, and the other caused to receive a spark from 
a conductor fourteen feet long, and nearly a foot in diameter. 
The direction of the induced current was the same as that of 
the spark from the conductor. t * , 

107. From these experiments it appears evident that the 
discharge from the Leyden jar possesses tl;e property of 
inducing a secondary current precisely the same as the gal¬ 
vanic apparatus, and also that this induction is only so far 
connected with the phenomenon of the lateral discharge as 
this latter partakes of the nature of an ordinary electrical 
current. 

108. Experiments were next made in reference to the pro¬ 
duction of currents of the dilferent orders by ordinary elec¬ 
tricity. For this purpose a second cylinder was prepared 
with ribands of tinfoil, in a similar manner to the one before 
described. The two were then so connected that the 
secondary current from the first would circulate around the 
second. When a discharge was passed through the outer 
riband of the first cylinder, a tertiary current was induced in 
the inner riband of the second. This was rendered manifest 
by the magnetizing of a needle in a spiral joining the ends 
of the last mentioned riband. 

109. Also by the addition, in the same way, of a third 
cylinder, a current of $he fourth order was developed. The 
same result was likewise obtained by using the arrangement 
of the coils and helices shown in fig. 10. For these experi¬ 
ments, however, the coils were furnished with a double 
coating of silk, and the contiguous conductors separated by 
a large plate of glass. ( 

110. Screening effects precisely the same as those ex¬ 
hibited in the action of galvanism were produced by inter¬ 
posing a plate pf metal between the conductors of different 
orders, figs. 9 and 10. The precaution was taken to place 
the plate between two frames of glass, in order to be assured 
that the effect was not due to a want of perfect iAsulation. 

111. Also analogous results were found when the experi¬ 
ments were made with coils interposed instead of plates, as 
described in paragraph 68. When the ends of the interposed 
coils were separated, no screening \^as observed, but when 
joined, the effect was produced. The existence of the 
induced current, in all these experiments, w’as determined 
by the magnet Um of a needle in a spiral attached to one of 
the coils. 
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• 1 12. Likewise shocks were obtained from the secondary 
current by*an arrangement shown in fig. 13. Helices No. *2 
and No. 3 united are put. within a glass jar, and coil No. 2 is 
placed around the same, \\hen Unbundles are grasped, a 
shock is felt at the moment of the discharge, through the 
outer coil. The shocks, however, were very dilferent in 
intensity with* dilferent discharges from the jar. In some 
eases no tjioek was received, when again with a less charge, 
a severe bne was obtained. J)kt there irregularities liiul an 
explanation in a subservient part of the investigation. 

113. In all these experiments, the results with ordinary 
and galvanic electricity are similar. I!ut # at this stage of the 
investigation there appeared what at first was considered a 
remarkable difference in the action of the two. I allude to 
the direction of the currents of the different orders. These, 
in the experiments with the glass*cylinders, instead of 
exhibiting the alternations of the galvanic currents (0‘2), were 
all in the same direction as the discharge from the jar, or, in 
other words, they were all plus. 

114. To discover, if possible, the cause of this difference, 
a series of experiments was instituted; but the tirst fact 
developed, instead of affording any new light, seemed to 
render the obscurity more profound. When the directions 
of *the currents were taken in the arrangement of the coils 
(fig. 10) the discrepancy vanished. Alternations* were found 
the same as in the case of galvanism. This result was so 
extraordinary that the experiments were many times repeated, 
first with the glass cylinders, and then with the coils; the 
results, howeve*, were always the samS. The cylinders gave 

* c utre nts all ill one direction; the coils in alternate directions. 

] 1§. After various hypotheses had been formed, and in 
succession disproved by experiment, the idea occurred to me 
that Che direction of the currents flight depend on the 
distance of the conductors, and this appeared to be the only 
difference existing in the arrangement of the experiments 
with the coils and the cylinders.* In the former the dis- 

# tance between the ribands was nearly on© inch and a half, 

while in the latter it was only the thickness of the glass, or 
about /oth an inch. * 

116. In order to test this idea, two narrow slips of tinfoil, 
about twelve feet long, were stretched parallel to each other, 
and separated by thiu plates^of mica to the distance of about 

* This idea was not immediately adopted, because I had pre¬ 
viously experimented on the? direction of the secondary current 
from galvanism, and found no change in reference to distance. 
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Toth of an inch. When a discharge from the half gallorT j;u 
was passed through one of these, an induced current in the 
same direction was obtained from the other. The ribands 
were then separated, by plates t of glass, to the distance of 
voth of an inch; the. current was still in the same direction, 
or plus. When the distance was increased to about ith of 
an inch, no induced current could be obtained; and when 
they were still further separated the current again 0 appeared, 
but was now found to have k different direction , or to he 
minus. No other change was obsefved in the direction of 
the current; the intensity of the induction decreased as the 
ribands were separated. The existence and direction of the 
current, in this experiment, were determined by* the polarity 
of the needle in the spiral attached to the ends of one of the 
ribands. 

117. The question at this time arose, whether the direction 
of the current, as indicated by the polarity of the needle, 
was the true one, since the magnetizing spiral might itself, 
in some cases, induce an opposite current. To satisfy myself 
on this point a series of charges, of various intensity and 
quantity, from a single 9park of the large conductor to the 
full charge of nine jars, were passed through the small spiral, 
which had been used in all the experiments, but they all 
gave the same polarity. The interior of this spiral is so small, 
that the needle is throughout in contact with the wire. 

118. The fact of a change in the direction of the induced 
current by a change in the distance of the conductors, being 
thus established, a great number and variety of experiments 
were made to determine the other condition? on which the 
change depends. These were sought for in n variation*of 
the intensity and quantity of the primary discharge, in the 
length and thickness of the wire, and in the form of the 
circuit. The results were, however, in many cases, afloma- 
lous, and are not sufficiently definite to be placed in detail 
before the Society. 1 hope to resume the investigation at 
another time, and will therefore at present briefly state only 
those general facts which appear well established. 

119. With a single half gallon jar, and the conductors se¬ 
parated to a*distance less than ,-Yth of an inch,- the induced 
current is always in the same direction as the primary. But 
when the conductors are gradually separated, there is always 
found a distance at which the Current begins to change its 
direction. This distance depends certainly :>n the amount of 
the discharge, and probably on the* intensity; and also on 
the length and thickness of the conductors. With a battery 
of eight half gallon jars, and parallel wires of about ten feet 
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long, the change in the direction did not take place at a loss 
distance Chan from twelve to fifteen inches, and with a still 
larger battery*and longer conductors, no change was found, 
although the induction was produce&at the distance of several 
feet. 

120. The facts given in the last paragraph, relate to the 
inductive action of the primary current; but it appears from 
the rcsyilts detailed in paragraphs 110 and 114, that the 
currents of all the otjicr orders also change the direction of 
the inductive influence with a change of the distance. In 
these cases however, the change always takes place at a very 
small distance from the conducting wire*; and in this respect 
the result is similar to the effect of a primary current from 
tho discharge of a small jar. 

121. The most important experiments, in reference to 
distance, were made in the lecture room of my respected 
friend, Dr. Hare, of Philadelphia, with the splendid electri¬ 
cal apparatus described in the Fifth volume (new series) of 
the Transactions of this Society. The battery consists of 
thirty-two jars, each of the capacity of a gallon. A thick 
copper wire of about T \,th of an inch in diameter and eighty 
feet in length, was stretched across the lecture room, and its 
ends brought to the battery, so as to form a trapezium, the 
longer side of which was about thirty-five feet. Along this 
side a wire was stretched of the ordinary bell Size, and the 
extreme ends of this joined by a spiral, similar to the ar¬ 
rangement shown in fig.*14. The two wires were at first 
placed within the distance of about aa inch, and afterwards 
jctyistarifcly separated after each discharge of the whole battery 
through the thick wire. When a break was made in the se- 
comPwirc at a, no magnetism was developed in a needle in 
the spiral at 6, but when the circuit w r as complete, the nee¬ 
dle at each discharge indicated a current in the same direc¬ 
tion as that of the battery. When the distance of the two 
wires was increased to sixteen inches, and the ends of the 
second wire placed in two glasses of mercury,* and a finger of 

‘ each hand plunged into the metal, a shock was received. 
r Phe directio/i of the current was still the same, 4)ut the mag¬ 


netism not as strong us at a less distance. 

122. The second wire was next arranged around the other, 
so as to enclose it. The wnagnetism by this arrangement 
appeared stronger than with the last; the direction of the 
current was still the sarfie, and continued thus, until the two 
wires were at every point separated to the distance of twelve 
feet, except in one place where they were obliged to be 
crossed 'at the distance of seven feet, but here the wires were 


Vol. IV.—No. 22, January , 184 1). ^ 



306 Prof. Henry, on Electrici'y and Magnetism. 


made to form a right angle with each other, and the effect of 
the approximation was therefore (40) considered aS nothing. 
The needle at this surprising distance was tolcmbly strongly 
magnetized, as was sho^n by tin* quantity of filings which 
would adhere to it. The direction of the current was still 
the same as that of the battery. The form of the room did 
not permit the two wires to be separated to a greater distance. 
The whole length of the circuitjof the interior largely re was 
about eighty feet; that of the extciyor one hundred and 
twenty. The two were not in the same plane, and a part of 
the outer passed through a small adjoining room. 

.1*23. The results exhibited in this experiment are such as 
could scarcely have been anticipated by our previous know¬ 
ledge of the electrical discharge. They evince a remarkable 
inductive energy, which has not before been distinctly recog¬ 
nized, but which must perform an important part in the 
discharge of electricity from the clouds. Some effects which 
have been observed during thunder storms, appear to be due 
to an action of this kind. 


124. Since a discharge of ordinary electricity produces a 
secondary current in an adjoining wire, it should also produce 
an analagous effect in its own wire ; and to this cause may be 
now referred the peculiar action of a long conductor. It is 
well known that the spark from a very long wire, although 
quite short, is remarkably pungent. 1 was so fortunate as 
to witness a very interesting exhibition of this action during 
some experiments on atmospheric electricity made by a com¬ 
mittee of the FranklinLlnstitute, in 1836. Two kites were 
attached one above the other, and raised with a snvdl iron 
wire in place of a string. On the occasion at which 1 was 


present? the wire was extended by the kites to the length of 
about one mile. The day was perfectly dear, yet the sparks 
from the wire had so much projectile force (to use a convenient 


expression of Dr. Mare) that fifteen persons joining hands 
and standing on the ground, received the shock at once, when 


the first person of the series touched the wire. A Leyden 
jar being grasped in the hand by the outer coating, and the 
knob presented to the wire, a severe shock was,received, as 
if by a perforation of the glass, but which was found to be 
the result of the sudden and intense induction. 


I 


125. These effects were evidently not due to the accumu¬ 
lated intensity at the extremities of the wire x on the principles 
of ordinary electrical distribution, since the knuckle required 
to be brought within about a quarter of an inch before the 
spark could he received. It was not alone the quantity, siftce 
the experiments of Wilson prove that the same effect is not 
produced with an equal amount of electricity on the surface 
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• of a large conductor. It appears evidently therefore a case 
of the induction of an electrical current on itself. The wire 
is charged wii;h a considerable quantity of feeble electricity, 
which passes off in the form of a*f urrent along its whole 
length, and thus the induction takes place at the end of the 
discharge, as in the case of a long wire transmitting a current 
of galvanism.* 

126. k is well known that the discharge from an electrical 
battery possesses grejit divellent powers; that it entirely 
separates, in many instances, the particles of the body through 
which it passes. This force acts, in part, at least, in the 
direction of the line of the discharge, .and appears to be 
analogous to the repulsive action discovered by Ampere, in 
the, consecutive parts of the same galvanic current. To illus¬ 
trate this, paste on a piece of glass a narrow slip of tinfoil, 
cut it through at several points, and loosen the ends from 
the glass at the places so cut. Pass a discharge through the 
tinfoil from about nine half gallon jars; the ends, at each 
separation, will be thrown up, and sometimes bent entirely 
back, as if by the action of a strong repulsive force between 
them. This will be understood by a reference to fig. 14; the 
ends are shown bent back at a , «, «, a. In the popular ex¬ 
periment of the pierced card, the bur on each side appears to 
bfi due to an action of the same kind.* 

127 . it now appears probable, from the facts given in 
paragraphs 119 and 120, that the table in paragraph 92 is 
only an approximation to the truth, and that each current 
from galvanism, as well as from electricity, first produces an 
inductile actiofi in the direction of itself, and that the inverse 
influence takes place at a little distance from the wire. 

126. To test this the compound helix was placec] on coil 
No. V, to receive the induction, and its ends joined to those 
of the outer riband of tinfoil of the glass cylinder, while the 
magnetizing spiral was attached to the ends of the inner 
riband. A feeble tertiary current was produced by this 
arrangement, which in two cases gave a polarity to the needle 

* indicating a direction the same as that of'the primary cur¬ 
rent. In other cases the magnetism was either imperceptible 
or minus. With an arrangement of two coils of wires around 
two glass cylinders, one within the other, the same effect 
was produced. The magnetism was less when the distance 
of the two sets of spires was smaller, indicating, as it would 

4 

* We have witnessed this fact many years since in our strips of 
tin*foil tor protecting jars ; Vol. II. p. 86. Even when these strips 
are laid tu-er the top of the lining, more than an inch, they arc 
sometimes blown off, and much perforated. Edit. 

Y 2 
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appear, an approximation to a position of neutrality. These 
Tesults are rather of a negative kind, yet they appear to indi¬ 
cate the same change with distance in the case o£the galvanic 
currents, as in that of thydischai^e of ordinary electricity. 
The distance however at which the change takes place would 
seem to be less in the former than in the latter. 

129. There is a perfect analogy between the inductive 
action of the primary current from tlm galvanic apparatus 
and of that from the larger elecfrical battery. The point of 
change, in each, appears to be at a great distance. 

130. The neutralizing effect described in Section IV. may 
now be more definitely explained by saying that when a third 
conductor is acted on at the same time by a primary and 
secondary current (unless it be very near the second wire), it 
will fall into the region of the plus influence of the former, 
and into that of the minus influence of the latter ; and hence 
no induction will be produced. 

131. This w T ill be rendered perfectly clear by fig. A, in 

which a represents the con- 
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ductor of the primary cur¬ 
rent, h that of the secondary, 
and c the third conductor. 
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beginning at the middle of 
the first conductor and ex¬ 
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sent the constant plus in¬ 
fluenced the primary cur¬ 
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&c., beginning at the second conductor, indicate its inductive 
influence as changing with the distance. The third conductor, 
as is shown by the figure, falls in the plus region of the 
primary current, and i«i the minus region of the secondary, 
and hence the two actions neutralize each other, and no appa¬ 
rent result is produced. 

132. I’ig. B indicates the method in which the neutralizing 
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effect is produced in the 
case of the secondary and 
tertiary currents. The wire 
conducting the secondary 
^current is represented by b, 
that conducting the tertiary 
by c, and the other wire, to 
receive the induction from 
these, by d. The direction 
of the influence, as*before, 
is indicated by -f- 0-, 
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&c., find the third wire is again seen to be in the plus region 
of the one current, and in the minus of the other. If, however, 
d is placed sufficiently near c , then neutralization will not 
take place, but the two currents tyill conspire to produce in 
it an induction in the same direction. * A similar effect would 
also be produced were the wire c, in fig. A, placed sufficiently 
near the conductor b. 

133. Currents of tjic several orders were likewise produced 
from tfic excitation o£the magneto-electrical machine. The 
same neutralizing effects were observed between these as in 
the case of the currents from the galvanic battery, and hence 
we may infer that also the same alternations take place in the 
direction of the several currents. 

.131. In conclusion, I may perhaps be allowed to state, 
that the facts here presented havq been deduced from a 
laborious series of experiments, and are considered as form¬ 
ing some addition to our knowledge of electricity, indepen¬ 
dently of any theoretical considerations. They appear to be 
intimately connected with various phenomena, which have 
been known for some years, but which have not been referred 
to any general law of action. Of this class are the discoveries 
of S a vary, on the alternate magnetism of steel needles, placed 
at different distances from the line of a discharge of ordinary 
electricity,* and also the magnetic, screening influence of all 
metals, discovered by Dr. Snow Harris, of Ply mouth, f A 
comparative study of the phenomena observed by these dis¬ 
tinguished savants , and those given in this paper, would 
probably lead to Some new and important developments. 
Indeet^everj jfart of the subject of electro-dynamic induc¬ 
tion appears to open a field for discovery, which experimental 
industry cannot fail to cultivate with immediate success. 


NOTE. * 


” - - -ct - --- O J C3 

were presented to the Society, my friend, Dr. Bache of the 
Clirard College, gave an account of the* investigations of 
Professor Ettingshausen, of Vienna, in reference to the 
improvement of the magneto-clectric machine, some of the 
results of which he had witnessed at the University of Vienna 
about a year since. No published account of these experi¬ 
ments has yet t reached this country, but it appears that 
Professor Ettingshausen had been led to suspect the develop- 

* Annales de Chimie et de Physique, 1827. 

+ Philosophical Transactions, 1831. 
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mcnt of a current in the metal of the keeper of the magneto- 
electric machine, which diminished the effect of the current 
in the coil about the keeper, and hence to separate the coil 
from the keeper by *a ri fig of wood of some thickness, and 
afterwards, to prevent'entircly the circulation of currents in 
the keeper, by dividing it into segments, and separating them 
by a non-conducting material. I am not aware of the result 
of this last device, nor whether,the mechanical diffieyltics in 
its execution were fully overcome. fa gives me pleasure to 
learn that the improvements, which I nave merely suggested 
as deductions from the principles of the interference of 
induced currents (76), should be in accordance with the 
experimental conclusions of the above named philosopher. 


XXXIX. On Lightning Conductors , ami on certain 
Principles in Electrical Science ; being an inrestigation 
of Mr. Sturgeon’s Experimental and Theoretical, lie- 
searches in Electricity, published by him in, the “ .Inrials 
nf Electricity," <$r. By \Y\ Snow Harris, E$r/.,F.lt.S. 

'To the Editors of the Philosophical Magazine and Journal. 

Gentlemen, 

In the Annals of Electricity for October last will be found 
a memoir on Marine,Lightning conductors. This memoir 
is addressed to the llritish Association, and ife considered by 
Mr. Sturgeon, the author of it, to merit in a high degree tin; 
especial, consideration of all the learned scientific bodies in 
Europe and America. 

1 he author endeavours to show, that a metallic rod whilst 
transmitting a charge of electricity, is always productive of 
powerful lateral explosions, not only on near bodies, but on 
bodies at very great distances. This effect, he thinks, in 
the case of a lightning rod, is a very fearful circumstance. 

2. If thi«* deduction be worth anything, it is altogether 
subversive of the use of such rods as a means t>f protection 
from lightning. I have thought it right, therefore, to examine 
carefully the experiments and reasonings, which have led the 
author to this conclusion ; and since the inquiry bears mate¬ 
rially on a question of great public interest, and contains 
many new phenomena of electrical action, I hope it may 
not he considered unworthy a place in your very valuable 
Journal. 
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3. Although Mr. Sturgeon has spoken in a slighting way 

of me and my experiments, and has laboured hard to invali¬ 
date them, \ still feel, that any personal consideration is 
comparatively of minor consequence. I will not., therefore, 
trouble your readers on the! subject! . I merely wish to have 
it understood, that this is not a reply to that large part of the 
memoir levelled at myself, hut is simply ail investigation of 
the autjior’s *■ Theoretical and Experimental Researches,” 
and of his claims td our confidence as a writer on Electrical 
Science. • 

4. So long since as the years 172S and 1729, Mr. Grey 
observed the phenomena of electrical conduction aud in¬ 
sulation. • 

(«). Thus a metallic ball, J, fig. 1, Plate VII. supported on 
tlfe glass rod g, is said to ho insulated, and if electrified, will 
cause a spark in the opening between the metallic body B 
and the hall 

(b). If we connect the hall J with any distant body c, by 
means of a metallic wire as in fig. 2, and electrify it as before, 
the spark will still occur iti the opening at the distant body 
c, the electricity being conducted by the intermediate wire. 

(r). The distance at which this effect may ensue, is very 
considerable. Mr. Grey succeeded in making it sensible at 
a distance of 705 feet.* 

(d) . The effect is more sensible when the ^ody 15 is con¬ 
nected with the ground, which places it, by a law of electrical 
action, in the most favourable state for receiving the spark. 

5. I am desiroug to call especial attention to these results, 
notwithstanding their elementary character, because, as we 

•*^»hall presently see, they are really nothing more or less than 
th^ essence of Mr. Sturgeon’s new researches, and which he 
claims to have considered by all the learned societies of 
Eufope and America. 

(5. When we attempt to charge an electrical jar, J. fig. 3, 
it is observable, that as the charge accumulates on the inner 
surface, a corresponding quantity of electricity is forced olf 
from the outer, and without this double effect takes place we 
fail to accumulate a charge. 

(e) . To*render this evident, we have only to place the jar 
on an insulator, as in fig. 3; we shall then find, that for every 
spark we send into the jar, a similar spark will leave its out¬ 
side, either from the coifting directly, or from any distant 
body c connected witlj it as in fig. 4. 


Priestley’s History of Electricity. 
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The outer coating J, therefore, and distant body c, may be 
considered in their insulated state as being insulated con¬ 
ductors under the conditions represented in fig. 2. 

(f) . Suppose the jar charged, and that it remains insu¬ 
lated; then we may discharge it,’either by one dense shock 
through the rod t, fig. 4, or gradually, in the reverse way of 
charging; viz. by continuing to draw sparks from the knob 
in, and add them to the coating J: the circumstance how¬ 
ever of our being enabled to tahe a finite spark, from* either 
side alternately, whilst.the jar rests ofl* an insulator, is suffi¬ 
cient to show, that the accumulated electricity is never ex¬ 
actly balanced between the opposed coatings, so that there 
will always be an excess of either positive or negative electri¬ 
city over the neutralizing quantities themselves, disposed on 
the coatings of the jar. 

(g) . When therefore-we discharge the jar, this excess of 
free electricity will speedily expand itself over the outer sur¬ 
face J, the discharging rod /, the knob of the jar in, or any 
other body, c, fig. 4, connected with it, which, as in the cast*, 
of the simply electrified conductor, J, fig. 2, will cause a spark 
to occur in either of those places. The intensity of this spark 
however will depend on the capacity of the jar. It is lass with 
a large jar, and greater with a small one, the quantity of elec¬ 
tricity discharged being the same. 

(//). W hen the jar has been discharged, the knob, the 
outer coating, and all the bodies connected with it, will be 
found in the same electrical state. We may make this state 
either positive or negative, by taking a spprk either from the 
knob or coating previously to discharging the jar. 

(/). This small spark caused by the excess of free electri 
city, may be obtained even though the jar be connected yith 
the earth, provided we seize it before the conductors have 
had time to operate in carrying off the residuary accumula¬ 
tion ; Professor W heatstone having shown by his unrivalled 
experiments on electrical conduction, that some portion of 
t ime elapses in the passage of electricity through wires. 

By bringing a metallic ball, B, fig. 3 and 4, therefore in a 
free state, eitliei very near the discharging rod c c, fig. 3, the 
outer coating J, or any body, c, fig. 4 , in connexion with it, 
previously to making the discharge, we seize as it were some 
of the residuary electricity before it has time to pass off, and 
hence it becomes evident in this particular direction. The 
effect, however, will be necessarily greatest when the jar and 
its appendages are quite insulated. After this spark has taken 
place, the jar will be found again slightly charged, with wh$t 
has been tailed a residuary charge, so that the phenomenon 



•Mr. Huris, on Lightning Conductor*. 313 

• 

itself is actually the same as that already observed in 
charging tlje jar originally (e). 

7. Now thes # e simple experiments (g), (/<), (/), are just the 
experiments described by Mr. Sturgeon, in which he imagines 
that the small spark above described,"is.produced by a lateral 
action of the rod carrying off the discharge. He seems to 
consider it as a novel and important fact, and calls upon the 
“ principal scientific bodies in P7urope and America,” and 
“ the ablest electriciafts the florid can produce,” in order 
that it may be fully sifted and explained. He takes great 
credit for having placed this subject before them in a “ proper 
light,” and cannot account for the circumstance of my having 
overlooked ih* 

S. But since it is clear that this supposed lateral explosion 
really resolves itself into one or two simple facts («) ( b ), 
known to electricians for more than ti century since, “ the 
ablest electricians the world can produce,” may, perhaps, be 
disposed to think such an occupation of their time unne¬ 
cessary, and the several “ Learned Societies in Europe and 
America” may consider it would have been quite as well for 
Mr. Sturgeon’s credit, as a lecturer on natural philosophy, if 
he had riot troubled them on the occasion. 

‘J. The following is Mr. Sturgeon’s version of these expe¬ 
riments : 

This kind of lateral discharge, “ consists in the displace¬ 
ment of the electrical fluid of bodies vicinal to a continuous 
conductor carrying the primitive discharge.” 

Exp.—If a I.eydey jar, J, fig 2, be discharged through a 
rod cc, a spark twill appear at the opening o, between the 
•metallic 1>ody*B placed near the rod. 

Kxp.—If instead of discharging the jar through the rodcc, 
fig. 1, we discharge it by a common discharging rod*/, still 
the spSrk will appear at o, as before. # 

“ The effect,” he says, “ is much increased by connecting 
the body 13 with the ground, and diminished to a certain ex¬ 
tent by connecting the outside of the jar with the ground.” 1 
^have produced the spark, he says, between c c, and the 
body B when placed at .70 feet from the flhVecAlischargc. 

“ By this kind of lateral discharge,” he observes, “ a dense 
spark may be produced when the bodies B and cc, fig. 3, are 
half an inch apart. Though the jar be only of the capacity 
of a quart, chemical decomjiositions may be effected by it.” 

• 

* ie I mean to submit the substance of my Memoir to the con¬ 
sideration of the principal scientific bodies in Europe and America, 
in order tjiat the subject may be fully sifted and explained by the 
ablest electricians the world can produce."’— Ami. uj bled., p. 191. 
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10. Mr. Sturgeon does not, state precisely how these ex¬ 
periments wove conducted, but the nature of the manipula¬ 
tions would have a material ellect on the result. If for ex¬ 
ample a small jar of a# quart, capacity were charging from a 
very powerful machine, and tfie discharge produced at the 
time of charging, cither by a spontaneous explosion between 
the balls, vie, tig. 3, or by*an insulated discharger, then, as 
is evident, not only would the outer coating ami jts append¬ 
ages become charged with (lift residuary electricity*proper to 
the jar, but also by electricity frofn the prime conductor, 
which would assuredly pass over at the instant of the dis¬ 
charge. In Mr. ^Sturgeon’s account of his experiments this 
fallacious method would appear to have bee if resorted to. 
Me says, “ a spark is felt at every discharge through the cir¬ 
cuit represented in the figure,” that is m c c, fig. .‘5. Now the 
continued discharges'implied in this statement, could only be 
produced by continuing to work the machine in connexion 
with the jar. This circumstance alone would be sufficient to 
falsify the whole. 

21. The following experiments are not unimportant as 
bearing on the present question. 

(/»). Let a jar. J, fig. 3, be charged positively, removed 
from the machine, and insulated.—Under this condition dis¬ 
charge it. When discharged, let the electrical state of the knob 
vi, discharging conductor c c, the outer coating J, or any dis¬ 
tant body cc, fig. 4, connected with it, be examined; they 
will all be found in the same electrical stale, which state v ill 
be precisely that, exhibited by the outer coating and krnob, 
whilst charging, and the small residuary spark will he plus. 

( I ). Charge the jar as before; but before"discliargirfgV, 
withdraw the free electricity from the knob. The electrical 
state of the coating and appendages will be now changed, 
and the small residuary spark will be minus. 

(///). Immediately after the discharge, apply a metallic 
body If, tig. 3 and 4, either to the coating J, or any body 
connected with it. A residuary spark will be thrown off. 

(v). Place a ♦metallic body 15 near the discharger, or out<;r 
coating, previously to making the discharge; the spark will 
then appear to ensue at the time of the discharge. 

(o'). Kxamir.e the jar after this residuary spark has been 
taken from the outer coating, and it will be found again slightly 
charged as at first, * 

(p). Charge a jar, exposing ab<jut two square feet of coat¬ 
ing, with a given quantity of electricity, measured by the unit 
jar u, fig. 5. Let a conducting rod terminating in a hall r, 
project from the outer coating, and place near it t^ie electro- 



*Mr. Harris, on Lightning Conductors . 315 

« 

Scope E.* Discharge the jar through the rod c c, as before, 
and observe the amount of divergence of the electroscope. 
Double the capacity of the jar, and again accumulate and 
discharge the same quantity., The divergence of the electro¬ 
scope will be very considerably decreased. Add a second 
and a third jar to the former, and the effect will be at last 
scarcely perceptible: connect tRe jar with the ground, and 
with a given quantity the spark will vanish altogether. 

{(/). Accumulate a‘given quantity as before, and observe 
the effect of the residuary charge on the electroscope. Let 
a double, treble, &c., quantity be accumulated and discharged 
from a double, treble, &c., extent of surface; that is to say, 
for a double’quantity employ two similar jars, and so on: the 
effect will remain the sjamc. 

(/■). T he quantity and surface remaining constant, let the 
discharge be effected by discharging circuits c c, fig 3, of 
different dimensions from a large rod down to a line wire 
which the charge in passing can make red-hot. Observe the 
effect on the electroscope in each case: it will be found nearly 
the same, being rather less where the tension in the dischar¬ 
ging wire is very considerable. 

0). Connect the jar with the ground, and place between 
the discharging conductor c fig. 3, and a metallic mass 15, a 
surall quantity of percussion powder, inclosed in thin paper. 
The powder will not be inflamed, even in the case of the dis¬ 
charging conductor becoming red-hot: whereas in passing 
the slightest spark, it inflames directly. 

( t .). Insulate a eir*ular conducting disc, M, fig. 6, of four 
feet in ^iametef: it may be made of‘wood covered with tin 
TWl ; oppose fo it a similar disc, N, connected with the ground. 
Place* a conducting rod, c c, on the lower plate, and near it a 
metallic body, o; electrify the upper plate, m; dense sparks 
will tall on the rod, cc, but no effect is observable on the 
vicinal body, o, even though percussion powder be placed in 
the opening. 

12. These experiments are conclusive of the nature of Mr. 
. Sturgeon’s experiments. 

Exp. ( k ). (/).—show, that the electricity of t\e spark varies 
with that of*the coatings. 

Exp. (rn). —proves that the spark is readily obtained after 
the discharge has taken place; it is not therefore any lateral 
explosion caused by the discharging rod. 

* 

* The electroscope I employed is described in the Transactions 
of the Royal Society for 183*1, Part 2, page 214. for more accu¬ 
rate meiy>urement we should employ the electrometer, p. 215. 
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Exp. (o ').—proves that the spark is merely a residual ac¬ 
cumulation. • 

Exp. (/?). (q ).—prove that the spark is of different degrees 
of force, when the electricity ig discharged from a greater or 
less extent of surface, whilst double, treble, &c., quantities, 
when discharged from double, treble, &c., surfaces, give the 
same spark. Now as no one can doubt but that the effect of 
a double, &c. quantity should be greater than a single, &c. 
quantity, it is again evident that the spark is not caused by 
any lateral explosion from the discharging rod; it being a 
well-established law, that the same quantity has the same 
heating ellect on .wires, whether discharged from a great 
surface or a small one, from thick glass or thin*; some little 
allowance being made for the greater number of rods, &<•., 
when the surface is increased by an additional number of jars.* 
Tim effect therefore depending on the jar, Mr. Sturgeou had 
a greater chance with a small jar than with a large one. 

Exp. (r).—proves that the degree of tension in the rod is 
not of any consequence. 

Exp. (s).(t). —show, that.no kind of lateral action arises 
during the passage of the charge. 

lo. Mr. Sturgeon confounds this residuary spark, with the 
Earl of Stanhope’s experiments on induction: he observes, 
p. 170, “Viscount Mahon studied this kind of lateral dis¬ 
charge very, extensively.” But any one who considers Ilis 
J.ordship’s work, will soon detect the fallacy of such a con¬ 
clusion. Lord Mahon shows, that when an electrical charge 
is about to pass from a body M, fig 7, *in the direction C L, 
the action upon a near body N will displace«some of its elec¬ 
tricity; hence a spaik will take place at E between that bouy 
and another connected with the ground whenever the discharge 
takes place from M, in consequence of the return of the dis¬ 
placed electricity. This effect His Lordship termed the “ re¬ 
turning stroke.” Now lo apply this to the operation of a 
thunder cloud. Let M, fig. G, represent a mass of cloud 
covering a portion of the earth’s surface N. Let c c be a dis¬ 
charging rod, and o some near body. Then by Lord Stan¬ 
hope’s experiment the charged cloud M will displace from the 
surface N, and all the bodies on it as c c, o, &c. a portion of 
their natural electricity, which will again return when the dis¬ 
charge has been effected. The conditions of Lord Mahon’s 
experiment cannot obtain between the‘conductor cc and the 

« 

% 

* Philosophical Transactions for 1834. Part II. p. 225,«and 
Faraday’s Researches. 
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btxly o, since they are both in the same forced state.* It. is 
very easy to perceive, that the electrical relations of two 
bodies o and c* between the boards, is different from that 
between a conductor J, fig. l„charg<?^ with electricity, and 
a body Bin its natural state; or that of a*conductor (J, fig. (j, 
carrying olfthe displaced electricity of the lower plate N, and 
a body B. neutral. Besides, in Lord Mahon’s experiment, 
fig. 7, the #lectricity of^the return spark is different from that 
of the primitive charge in M; wTiereas, in Mr. Sturgeon’s ex¬ 
periment, the spark is of the same kind. So little did 11 is 
Lordship anticipate any objection to the use of lightning rods 
in consequence of his experiments, that he declares his con¬ 
viction of their passive operation, and reproves those who 
“ ignprantly conclude” that they are of a dangerous nature. 

14. We have been here discussing what the author calls a 
third kind of lateral discharge; but he mentions a first and 
second kind also. The first, kind, he says, “ takes place at 
every interruption of a metallic circuit; ” “it displaces loose 
bodies,” &c. This is evidently the elfect of mechanical ex¬ 
pansion, and is the very elfect we avoid by means of a lightning 
rod. Tie alludes to Dr. Priestley as authority on this point ; 
how unfortunate for his whole doctrine ! Let us consider for 
a moment what Dr. Priestley says: “That the cause of this 
dispersion of bodies in the neighbourhood of electrical ex¬ 
plosions is not their being suddenly charged with electric mat¬ 
ter, is, I think, evident. I never observed the least attraction 
of these bodies toward the brass rods, through which the ex¬ 
plosion passed , although I used several methods which could 
not f ail tqshow i?. 1 even found that the explosion of a bat¬ 

tery made ever so near a brass rod, did not so much as disturb 
its eleotric fluid; for when I had insulated the rod, and hung 
a pair qf pith balls on the end opposite to that near which the 
explosion passed, I found the balls w<*re not in the least 
moved, f 

* This applies to Mr. Sturgeon’s Exp. (9).—If B fig. r, 3, were 
on the same insulation with the jar J and rod c, no spark could occur 
at o, except by a division of the charge, whatever quantity passed 
through c. Tills fact alone is conclusive of the point in question, 
proving clearly that the spark is not a lateral explosion. 

+ The reacler will distinguish here between this experiment and 
Lord Mahon’s. The latter relate* to the influence of a permanently 
charged conductor on a body neutral; whereas Priestley’s applies 
to the action of wires carrying vanishing quantities of electricity, 
the very essence of Mr. Sturgeon’s experniient. Dr. Priestley would 
not Wave told us, had he brought his rod near the free side of his 
battery, that then the pith halls were not moved. 
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We have seen how little support Mr. Sturgeon derived 
from Lord Mahon ; he obtains still less from Priestley, who, 
without any compromise, sweeps away his whole theory. 
Lord Stanhope and Dr ^Priest lqy, eminent amongst the phi¬ 
losophers of their daj, will be doubtless admitted to be as 
good authority «as Mr. Sturgeon. 

15. The second kind of lateral discharge‘is, we are in¬ 
formed, “a radiation of electric matter from conductors carry¬ 
ing the primitive discharge.” Tt takes place, the author says, 
from edges, and that hence e ' sharp eelges of metal carrying a 
flash of lightning would discharge necessarily a great quantity 
of fluid into ncighliouring bodies.” No author is pi\ ssed into 
the service on this occasion, and for the best possible- reason, 
no accredited writer has ever treated of such a phenomenon 
as applying to a lightning rod. It is in fact applicable only to 
charged conductors. Thus ragged or pointed rods attached 
to the prime conductor of the electrical machine exhibit brushes 
of light, whilst other similar bodies, within their influence, 
have the appearance of stars. The lights on steeples, and on 
the sail yard and masts of ships, mentioned by Pliny, are of 
this kind. Franklin explained these phenomena, and showed 
that pointed bodies were favourable to the rapid dissipation of 
electrical accumulations, and, as is well known, availed himself 
of the important fact in his application of the pointed light¬ 
ning rod. How Mr. Sturgeon has contrived to associate this 
effect with the effects of discharges of lightning through con¬ 
ductors it is difficult to say. It is certainly a very strange 
confusion of things. # That the effect in* quest ion has nothing 
to do with a sharp or round edge, or angular discharges, may 
be shown by the following experiments :— 

(u) . Dr. Priestley discharged a battery over a wire circuit 
perfectly straight, and also over the same circuit passed about 
pins so as to make sharp angles :—the result of the charge on 
fusing a given length of wire was not influenced, which could 
hardly have been if Ihc angular portion had thrown off or 
discharged into the neighbouring pins, &c. any of the charge, 
it being well known that the least diminution of quantity is 
fatal to a deJ&jate experiment on the fusion of wire. 

( v ) . Discharge a given quantity of electricity*by a continu¬ 
ous rod free of edges, through a wire passed through the ball 
of an air thermometer, and also by a similar rod with ragged 
edges, placed near other metallic masses: the effect on the 
wire remains unchanged.* 

* For a description of this instrument, termed an electro-1 her- 
mometer, see Transactions of the Hoyal Society for 1837 , p. 18 . 
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• It is not difficult to perceive the distinction of the two cases 
just alluded *to. If Dr. Priestley had insulated his wire, and 
then charged it in the ordinary way, brushes of light, would 
doubtless have escaped from,the angular portions; whereas 
the wire when acting as a discharging circuit can exhibit no 
such appearance. The electricity is then evanescent, and by 
a law of clectricM action determined rapidly toward the nega¬ 
tive surlac*. Many facts might be adduced conclusive of this 
point, but it seems scarcely worth while to dwell longer on 
it. * 

16. The great end which the author proposes to himself in 
this memoir, is an exposition of the danger attendant on my 
method of fi£ed lightning conductors for ships, successfully 
tried 4 in the British navy for upwards of ten years;—with a 
view to a substitution of an untried method of his own. It 
may be worth while, therefore, in conclusion, to see whether 
the objections he so strongly insists on, do not equally apply 
to his own conductors as well as to mine, and, in short, to 
lightning conductors generally. 

17. In the first place, he tells us (see 191.) “that it is pos¬ 
sible for the most spacious conductor that can be applied to a 
ship to be rendered sufficiently hot by lightning to ignite gun¬ 
powder.” 

18. In the next place, he says, (202.) that the “ lateral dis¬ 
charge will always take place when the vicinal bodies are ca¬ 
pacious, and near the principal conductor or any of its me¬ 
tallic appendages.” This was the case, he says, when only 
his small jar was used, and with thi§ small jar he could 
prod uce lateral discharges at a distance of fifty “ feet from the 
affect discharge.” 

19. Thirdly, he tells us (203.) that “ the magnitude and 
intensity of a flash of lightning being infinitely greater than 
anything which can be produced artificially, the lateral dis¬ 
charges must be proportionally greater” that is to say infi¬ 
nitely great. 

20. Taking these data as true then, it follows that any 
lightning conductor carrying a flash of lightning, would at an 
infinite distance, produce a lateral explosion infinitely great, 
and of course*do an infinite deal of mischief. Hence, every 
powder magazine having a lightning conductor, every ship 
with a lightning chain in her rigging, should whenever light¬ 
ning struck the conductor beMestroyed; for in no case is the 
conductor at one third the distance from the inflammable 


matter, of that, at which Mr. Sturgeon can produce a lateral 
discharge with a jar of “only a quart capacity,” viz. “50 


discharge 

feet.” 
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21. But Mr. Sturgeon proposes to apply cylindrical coppoi 
rods in the rigging; their “ upper extremities to he attached 
to the tops, &c. &e.,” “ their lower extremitieo to the chains 
of the shrouds,” and ,to be united “ by broad straps of 
copper to the sheathing,” that is to say, by conductors with 
edges, which he says throw off the charge into neighbouring 
bodies; this too after having told us, that the most spacious 
conductor may become red-hot, and t that lateral discharges 
always take place when the vicinal bodies are capactous , and 
near the principal conductor or any ofits metallic appendages. 
Under such circumstances what is to become of the rigging, 
sails, masts ? will. they not be set on lire ? Arc not the 
massive iron hoops and other metals about the masts, the 
chains of the shrouds bolted through the ship’s side,, and 
other metallic bodies in the hull, such as bolts, tanks, chain 
cables, &c. &c., vicinal capacious bodies , and reaching by 
interrupted metallic circuits up to the very magazines Mr. 
Sturgeon talks so much about ? Must not a ship with such 
conductors be necessarily destroyed ? Surely he must give 
the British Association and the learned bodies of Europe and 
America, &c., very little credit for philosophical penetration, 
if he thinks they will not immediately discard such philosophy 
as this. 

22. Either his “ theoretical and experimental researches” 
are true, and his system of conductors fatal and absurd, or 
otherwise, if his conductors be good for anything, then his 
theoretical and experimental researches are good for nothing. 
He may adhere eithey to the one or the other, but he cannot 
have both; such is the reduclio ad adsurdifm in wljich he is 
involved. 

Mr. t Sturgeon’s anxiety to arrive at conclusions unfavour¬ 
able to my conductors, has led him to conclusions subversive 
of all conductors, his*, own especially. 

23. The mere circumstance of finding his “ third kind of 
lateral explosion” decrease in power, by uninsulating his jar, 
might alone have led him to doubt the accuracy of his de¬ 
duction. On. so important a point, and before he ventured 
to awaken prejudices and fears of the uninformed, we had 
a right to expect at his hands a profound scientific inquiry. 
He should, at least, have tried whether he could not get this 
spark after the main charge had passed (ni) as well as at the 
apparent time of passing. ThJ quantity of electricity should 
have been accurately measured, and its effects in producing 
the spark determined, both in relation to the quantity and 
surface over which it was distributed (p). The form‘and 
dimensions of the discharging conductor should have been 
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.varied (r). The final electrical state of his apparatus, as also 
the electricity of the spark, should in common prudence have 
been examined, {k), together with other manipulations quite 
inexcusable to neglect on such an .occasion. He has how¬ 
ever, failed in everything SalculateTl to give value to his 
inquiries, as I think has been fully shown. They are hence 
not entitled to the smallest confidence, and it is not a little 
extraordinary that he should have done so, whilst taking 
credit to himself for superior •sagacity, and an acquaintance 
with facts of which h® says I did “ not seem to be aware,” 
c. g. the most common-place facts in electricity. 

24. In conclusion, I have no hesitation in giving it as my 
confirmed (pinion, after a long and severe examination of 
the laws of electrical action, and of cases of ships and buildings 
struck by lightning;—that a lightning rod is purely passive, 
that it operates simply in carrying off the lightning which 
falls on it, without any lateral explosive action whatever. I 
do not deny the general inductive effect mentioned by Lord 
Stanhope on bodies oppoSfcd to the influence of the thunder¬ 
cloud, and that the displaced electricity will again find its 
equilibrium of distribution, and return to those bodies, which 
effect would necessarily take place, whether we had a light¬ 
ning rod or not (13); an additional reason for linking the 
detached conductors in a ship’s hull into one great mass, so 
as to have as few interrupted circuits as possible in any 
direction. 

This opinion, by the citation of a few striking cases in 
which ships have been struck by lightning, I hope in a future 
paper fully to instantiate, should you 'think the subject of 
^u&cienb cons ;uence.* 


. Appendix. 

The author, probably perceiving how little he had gained 
by quoting Lord Mahon and Dr. Priestley, observes, in a 
supplementary note, page 235, tc Perhaps the experiments of 
PrjjeggorkHenry would be more to my purpose.” These 
experiments* however, are no more to his “purpose” than 
the others, a! fi any one may see who will examifte the Pro¬ 
fessor’s commurdcation, in the seventh report of the British 
Association, page 1 ' 25. The experiments there described relate 
to minor electrical ^discharges’, similar to those already men¬ 
tioned (i). These wvere obtained by throwing simple sparks 

\ 

[* We shall be most hsmpy to receive and insert any further 
coinifiunication from Mr. Harris.—Edit.] 

Vol. IV.~No. 22, January , 1840. Z 
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from an electrical machine, on small wires or rods, cither 
insulated or connected with the earth : the wires became luini-' 
nous and the rods emitted sparks. In this case, a§ Professor 
Henry observes, the electricity of the machine must be con¬ 
sidered as free electricity ; and «ts the bodies on which they 
fell were all in their natural state, the spark is immediately 
thrown off as a lateral discharge. Whether insulated or not, 
the electricity of the body is evidently acted on by induction, 
before the spark can be distributed,over it or tfop earth. 
Hence, when sparks of about an inch Jong are thrown on the 
upper end of a lightning-rod, or other metallic body passing 
into the earth, the induction upon the rod and earth requiring 
a short time for its' development, a spark is thrown off upon 
any adjacent conductor in a stale to receive it. feuch experi¬ 
ments, therefore, apply only to small quantities of electricity 
suddenly thrown upon, conductors in a neutral state. This, 
as I have shown, (13, figure 0,) is a distinct case from that, 
in which a charged surface throws off'its redundant electricity 
upon an opposite surface eager to receive it through a con- 
ducting-rod sharing in the electrical state of that surface, and 
which is consequently prepared already by induction to dis¬ 
charge it. One might be led to infer, from the particular 
description given by the author of this experiment, page 235, 
that sparks had been obtained from a lightning-rod at the time 
of its conveying a discharge of lightning. It may not be aiftiss 
to add, that Professor Henry did not consider those experi¬ 
ments as applicable to lightning-rods ; and that in accordance 
with the opinion of Biot, he thinks the spark observable at 
the time of discharging a jar—that is? Mr. Sturgeon’s new 
fact—is entirely owing to a small quantity of redun<]fint elec¬ 
tricity always existing on one side of the jar, as 1 have already 
staled/(/), and not to the whole charge. • 

I am. Gentlemen, 

* Yours, &c. 

W. Snow Harris. 

Plymouth , Nov. 5, 1839. 



WeStm °nt!iS839. 


Dece 


My dear Sir, , , 

I have read your, preceding paper very p/efally* unL ^ cr . 
expectation of finding some close disr* 6s * ona ^ e reasomn S 
from the pen of one who has so deServ^ty reputation ot 
being an indefatigable experimenter i? electricity. 1 expected, 
also, from the title of your paper, t la t y° u would have inves- 



323 


. On Lightning Conductors. 

ligated my fourth memoir, paragraph by paragraph, in the 
same uniform manner in which they are arranged; pointing 
out their correctness or incorrectness, in a manly ami 
scientific ordeK Hut, although I have been sadly disap¬ 
pointed in this particular, I atn yet willing to believe that the 
next time you attempt to investigate any of the results of my 
enquiries, your present irritation will have subsided; and that 
you will see the necessity and importance of keeping clow 
to your subject: for no irritatad man can be expected to rea¬ 
son well. * 

I am exceedingly sorry to find that you think I have 
“ laboured hard to invalidate” your experiments which were 
shown to the Navy Board, at Plymouth, and the British As¬ 
sociation, at Liverpool, &c., when no effort of the mind was 
necessary for the purpose. No electrician need “ labour hard'* 
to show the deceptive character of those experiments; nor 
would it require much effort of the mind lo come to the con¬ 
clusion that those experiments were either intended to 
deceive, or that their author was sadly abroad from his sub¬ 
ject. It would be impossible for me to know which side of 
this dilemma you mean to choose: but L hope you will be 
enabled to clear up this point and that without delay; fov 
upon this point alone hangs much of your credit (which I 
hope never to see sullied) as an electrician and a philanthro¬ 
pist, My only motive for reviewing your illustrative experi¬ 
ments was that of “ placing them in a proper'light,” and 
I can never expect that you will object to an examination of 
your illustrations of a topic of such deep interest, as that of 
marine lightning conductors, where thousands of brave men’s 
Jb-es aro*>eith(?r to be protected or placed in wanton jeopardy. 
Think seriously on the importance of this subject before you 
ventufe one step farther in your project, and allow candour 
and experience to he w r ell weighed in your mind on this mo¬ 
mentous occasion. No one would hnv<? beeu more delighted 
than myself had your long paper shown anything like dis¬ 
passionate controversial argument with close adherence to the 
subject; instead of which I am sorry to say, you'have indulged 
in blunt and useless asperities which are foreign to ,scientific 
discussion, ajid fatal to the progress of all rational pursuits. 

You must excuse my discussing the vaiious parls of 
your paper individually, at this moment, as my duties 
press too closely on my tipie to give them proper atten¬ 
tion. I can only now repeat that I am much disappointed at 
your not touching on the*"most vital part of my memoir, nor 
of producing any argument in favour of your favourite plan ol 
marine lightning conductors. In the next number of these 
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Annals you may expect a full and ample analysis of your 
paper: at present I will merely offer a few questions for your 
solution, which, as a gentleman and electrician, you will un¬ 
doubtedly attend to. 

Have I, or have I pof, given fl fair and candid explanation 
of your experiments before the Navy Board, at Plymouth ? 
(Fourth Memoir, 176, 177, 178, 179). 

Have I, or have I not, pointed out other experiments which, 
as an electrician, you ought te have made the"Navy Board 
acquainted with in such an important *enquiry ? (180). 

Do you mean to be considered a philosopher, or a necro¬ 
mancer, by endeavouring to persuade the British Association 
that your blowing asunder two pieces of wood by gunpowder, 
was a true representation of the effects of lightning on a 
ship’s mast ? (181). 

Have you, or have you not, made any other experiments 
to show the superior efficacy of your proposed conductors? 

Have you, or have you not, made yourself well acquainted 
with atmospheric electricity by a long series of kite experi¬ 
ments ? 

To what kind of electrical action do you allude the bursting 
of the iron hoops of the mainmast, &c., of the Rodney, and 
the springing of the nails, and displacement of the lead of 
“ the lantern of the dome” of the Hotel des Involutes? 

Which do you think most prudent, to endeavour to lead 
lightning into the ship, or to endeavour to keep it out of the 
ship? 

These arc plain simple questions, and require nothing more 
than plain, simple, and unequivocal answers, 

I am, dear Sir, . *> 

Yours very truly, 

• W. STURGKON. 

To W. Snow Harris , Esq. * 

P.S. I hope you will perceive that I have no motive in 
this great question, further than that of eliciting truth and 
protecting our- brave tars from the most formidable of all 
nature’s elements : and you may depend upon ijiy giving you 
every advantage that these Annals will afford, to support the 
plan which you have proposed. You will acknowledge that 
I have hitherto been candid in t^iis particular, by transplant¬ 
ing your paper from another Journal to the Annals; and as 
it is possible that yonr letter of the 15th of September may 
have some weight in your favour, I now offer it to the perusal 
of our readers. VV. S. 4 
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Plymouth, September, 1.5, 1830. 

Dear‘Sir, 

1 have nevdV received the papers 011 electricity alluded to in 
your letter of the 12 th instant, and with which I have been 
duly favoured. 1 do not think any’ communications of 
the kind werq, received for the Physical Section, of which I 
was one of the Secretaries at the hist meeting of the British 
Association, at Birmingham ;.at least, if they were, I know 
nothing about it. I cannot understand how any one acquainted 
with the nature of ordinary electrical discharges, and conver¬ 
sant with the practical results on the great scale of nature, 
can at all dissent from the simple and plcfin method I employ 
tor guarding shipping against lightning. However, you seem 
to think my scheme a dangerous one ; and I will allow that 
your opinions are entitled to much consideration ; you have 
entered with considerable ability and skill into electrical 
actions, and you have my best acknowledgments of your 
talents. 1 cannot say as much for those who have been lately 
engaged in the illiberal crusade against me and my opinions, 
in London. But as 1 do not in any way care for, or value 
what they say, I do not think it worth my while to notice 
them. Mr. Clarke, Mr. Roberts, with a few ignorant naval 
men, are quite welcome to visit the Polytechnic daily for the 
pufpose of depreciating my labours, and may publish as many 
pamphlets for circulation at the dilferent bridged in London 
as they please. That is a mode of proceeding which must 
eventually recoil on themselves ; to say nothing of its being 
unhandsome, illiberal, and uncalled for. I must say I was 
not a little annofed at finding you associated against me with 
others; since I had always from the time I first met. you at 
Oxfortl, at the meeting of the British Association, thought 
we were on better terms ; and that any difference about a 
philosophical subject might have been settled between us in a 
better way. However, I cannot help it. 

Well now, you say you are about to publish some commu¬ 
nications which are to point out the danger of* my system of 
defence from lightning. I cannot possibly hdve any objection 
to this. I oijly hope you will be careful to inform yourself 
respecting the true state of the question, and not misrepresent 
me as others have done (unintentionally it will be I have no 
doubt). You will excuse, I am sure, my saying, if I may judge 
by your letter, that you haveVot examined the question faith¬ 
fully. Let me, therefore,*put you in possession of a few points 
as it may probably save both of us trouble. Like some others 
you begin by assuniing that I have overlooked some import¬ 
ant facts*connectcd with discharges of lightning. Perhaps 
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the contrary may he found to be the case and that those who 
oppose me have mistaken llie road] and I think! see where 
the mistake made by those who talk of dangei from a lateral 
discharge lies. However, of thie more by-and-bye. 

I beg you to observe that you are quite wrong in supposing 
that my conductors pass through the magazines.* Why I 
never dreamt of such a thing; neither do they exclusively go 
into the body of the hull; sinpe large, metallic bands lead off 
under the deck to the iron knees, &c* in the side. My object 
has been to connect all the masses of metal in the hull, and 
the conductors on the masts into one general system, so as to 
admit of a general and rapid distribution of the fusing charge 
without explosion or damage. 

You say “ there is an apparent intention to introduce my 
eouductors in the navy.” Are you not aware of the/hr/ of 
the conductors haring been used hi the navy for the last 12 
years or more! Why they have been fitted in six frigates, 
many line of battle ships, and smaller craft. Men have been 
exposed to lightning in all parts of the world—South America, 
Tropics, Coast of Africa, Mediterranean—some have been 
struck by lightning. T understand in the late inquiry which 
the government ordered with a view of examining the success 
of my plan, that extremely valuable evidence has been ob¬ 
tained from naval officers in command of their ships, and 
from others who have been exposed to lightning under various 
circumstances. It is, I am told by the Sec retary of the Admi¬ 
ralty, very voluminous, will he printed and laid before Par- 
lament. 1 do not kignv the amount of'it myself, but 1 think 
it would be as well to examine the documents b.efore.we enter 
upon the public discussion you have marked out; as to mere 
opinio^ it will go for nothing any way; and you must go to 
facts. Allow me to call your attention to the Nautical Mag¬ 
azine, No. 2, for February last, 1839, for the actual ctlecls of 
lightning on three ships of the navy; and if you will go to 
Mr. Payne, at the Polytechnic, he will show you the diagram 
I left there, illustrative on a large scale of those effects. Tell 
me, where was the calorific and lateral discharge to which you 
allude in thy* case ? If we could meet and exapiine this sub¬ 
ject together experimentally, I believe we should soon settle 
the difference. Whatever I may be induced to do by way of 
reply to anything you advance, will be simply an appeal to 
facts. I possess a great body of evidence from a history of 

* Will Mr. Harris say that not one of his conductors passed 
through the powder magazine of H. M.S. Java? 8 ee Lieut. 
Green's Letter, p. 329. Edit. 
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cases of lightning on ships which bear out my views; but I 
certainly shall not write anything until I see the result of the 
inquiry and ihvestigation lately instituted by the Admiralty. 
I think you would do well net to advance anything without a 
pretty close appeal to experience. I ‘shall always consider 
that I have Jbeen illiberally treated by many persons in this 
affair, as you would say if you knew all. 

I ajn, dear Sir, 

Yours faithfully, 

W. SNOW HARRIS. 


7o W. Sturgeon, Esq. 


JL 




XL. On the effects of Lightning on If.JI.S. Beagle. 

By Lieut. Sutway. In a letter to the Editor. 

Hushing, near Falmouth, 

October 9, 1839. 

Sir, 

Having considered your communication in the Annals of 
Electricity, on marine lightning conductors, containing ob¬ 
servations on the stroke of lightning which fell on themastsof 
H.M.S. Beagle, I tliinkit fair, both to Mr. Harris and the naval 
service, to describe the phenomenon I witnessed on that 
occasion; first stating that at the time of mj joining the. 
Beagle in 1831, previously to her leaving England, T had no 
acquaintance with Mr. Harris, and certainly no bias in favour 
of the conductors with which the slpp was fitted. 1 may, 
therefore, claifti to be considered an impartial observer. 

At the time alluded to, I was first Lieutenant of the Beagle, 
andVas attending to the duty on deck. She was anchor 
oft' Monte Video, in the Rio de la Plata, a part of the world 
very often visited by severe lightning storms. Having been 
on board H. M. Frigate, Thetis, at Rio Janeiro a few years 
before, when her foremast was totally destroyed by lightning, 
my attention was always particularly directed to approaching 
electric storms, and especially so on the occasion alluded to, 
as the storm was unusually severe. The flashes succeeded 
each other in rapid succession, and were gradually approach¬ 
ing; and I was watching aloft for them when the ship was 
apparently wrapt in a blaze of fire, accompanied by a simul - 
taneovs crash, which was Apial, if not superior, to the shock 
I felt in the Thetis ; one of the clouds by which we were enve¬ 
loped, had evidently burst on the vessel, and as the mainmast 
appeared for the instant to be in a mass of fire, 1 felt certain 
that the lightning had passed down the conductor on that 
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mast. The vessel was shaken by the shock and an unusual 
tremulous motion could be distinctly felt; as soon as I had 
recovered from the surprise of the moment, I ran down below 
to state n'hat I saw and to see if the conductors below had been 
affected, and just as I entered the gunroom, the purser, Mr. 
Rowlett, ran out of his cabin (along the beam of which a 
main branch of the conductor passed), and said that he was 
sure the lightning had passed down the conductor, for at the 
moment of the shock he* heard a sound like rushing water 
passing along the beam. Not the slightest ill-consequence 
was experienced; and I cannot refrain from expressing my 
conviction that had it not been for the conductor, the results 
would have been of very serious moment. This was not the 
only instance, when we considered that the vessel had b.een 
saved from being damaged by lightning by Mr Harris’s con¬ 
ductors ; andd believe that in saying I had the most perfect 
confidence in the protection which those conductors afforded 
us, I express the opinion of every officer and man in the ship; 
and as Captain Eitzroy’s opinion must have much greater 
weight than mine, from his superior knowledge on the subject 
of electricity, I cannot refrain from copying his opinion of the 
conductors in the Beagle, which is published in his appendix 
to the Beagle’s voyage. 

“ Previous to sailing from England in 1831, the Beagle 
was fitted with permanent lightning conductors invented by 
Mr. W. S. Harris, F.R.S. 

“During the five years occupied in the voyage she was fre¬ 
quently exposed to lightning but never received the slightest 
damage, although supposed to have been struck by it on, at 
least, two occasions ; when at the moment of a vivid flash of 
lightninjg, accompanied by a crashing peal of thunder, a 
hissing sound was heard on the masts, and a strange though 
very light tremulous i^otion in the ship, indicated that some¬ 
thing unusual had happened. 

“The Beagle’s masts, so fitted, answered well during the five 
years’ voyage jibove mentioned ; and arc still in use onboard 
the same vessel on foreign service. 

“Even in such small spars as her royal masts and flying jib- 
boom, the plates of copper held their places firtnly, and in¬ 
creased rather than diminished their strength. 

“No objection which appears to me valid has yet been raised 
against them; and were I allowed to choose between having 
masts so fitted and the contrary, i should not have the 
slightest hesitation in deciding on those with Mr. Harris’s 
conductors. 

“Whether they might be further improved, as to position 
and other details, is for their ingenious inventor to consider 
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And determine. He has already devoted so many year9 of 
valuable time and attention to the very important subject of 
defending ships against the stroke of electricity, and has 
succeeded so well for the benefit of osiers, at great inconve¬ 
nience and expense to himself, that it is earnestly to be hoped 
that the government, on behalf of this great maritime country, 
will, at the lea*st, indemnify him for time employed and pri¬ 
vate fund® expended in a public service of so useful and 
necessary a character.’* * • 

Not being sufficiently acquainted with electrical experi¬ 
ments, I cannot remark upon those you have adduced in 
support of your opinions detrimental to Mr. Harris’s conduc¬ 
tors. I can? therefore, only repeat my conviction that the 
Beagle was struck by lightning in the usual way, and certainly 
without any lateral explosion or other ill effects, similar to 
those you insert in your Annals of Electricity. 

I am. Sir, 

Your obedient servant, 

B. T. SUTWAY, 
Lieut. II. N. 


Observations. 

Lieut. Sutway’s description of the lightning rods on the 
Beagle is obviously of a very different character to that given 
by Capt. Eitzroy, and certainly much more favourable to the 
idea of the ship being struck than given by the latter officer. 
I consider Lieut. S*s description of the occurrence exceedingly 
valuable^ for it 4s the minute detail of fhe effects of lightning 
that we are most in want of, and it is much to be lamented 
that our data on this momentous topic is yet so scanty. # There 
is nothing, however, in this letter that can in the least affect 
my statements regarding the electrical principles that would 
be brought into play by flashes of lightning striking vessels. 

W. STURGEON. 


XLI. On fyfr. Snow Harris's Lightning Conductors , as 
applied to Shipping. In a letter to the Editor. By W. 
Pringle Green, Lieut. R.N. 

4, James Street Adelphi, July 18, 1839. 
Sir, • 

An important epoch has arrived in practical electricity by 
the*Government appointing a committee to determine on the 
subject gf fixed conductors, fitted to the masts of several of 
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her Majesty’s ships, passing through the hull and after-maga¬ 
zine. Having in the year 1822, on the scheme being 
introduced into the Navy, by order of th& Navy Board, 
opposed its adaptation y upon incontrovertible evidence, I am 
again prepared to show, its being an ill-copied plan of Mr. 
Marrot, published in 1812, in the Naval Chronicle, Vol. I, 
p. 201, and the extreme danger ol' such conductors, proved, by 
experiment, and a m^s of electrical phenomena; and by 
my representation of mese facts the^ then existing Board of 
Admiralty countermanded the N. B’s. order. As this plan has 
been introduced into the Navy, and the necessity of investi¬ 
gating a matter obtuch vital importance to the,state at this 
time, needs no comment: as l do not believe it possible 
otherwise than by a perusal of the account of experiments 
made at Plymouth of my queries and experiments; and 
a review of my researches during 35 years in every quarter of 
the globe, illustrated by drawings, for the most experienced 
theoretical electrician to give a correct decision. I am, there¬ 
fore, desirous to put you in possession of the whole of this 
matter, upon which I take my stand.* At this moment the 
subject acquires a great interest throughout the Naval Ser¬ 
vice, and very gross deception has been, and continues to be, 
practised upon that service and the public, at a heavy cost to 
the nation, by making experiments which seems to demand 
the protection of the public press. 

I have the honour to he. Sir, 

Your obedient servant, 

W. PRINGLE GREEN, 
Lifcut. R. 1$. 


* Lieut. Greens Queries. 

1. Will not the»superabundant electric fluid from the 
spindle in the truck, which passes six inches into the body of 
the mast, explode and destroy it i 

2. How is the spindle to he substituted when the top¬ 
gallant mast is cln deck, which is generally the case in stormy 
weather, the.cap has much iron about it this beipg the highest 
point ? It is not possible to place the spindle and connecting 
copper across the cap, without being in contact with much 
iron about it. Will not this iron draw olf the fluid and cause 
an explosion ? And will not tlie nails in the copper strips 

* We have in our possession much valuable information on this 
subject from Lieut. Green, but only give a few of that Officer's 
queries in this place. Edit. 
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*do so ? If these conductors, such as the proposed, are suffi¬ 
cient 9afegftards, when passing through a ship, how is it that 
Heckenham Poor-house was set on tire though it had eight 
of the largest and most approved conductors placed on the 
outside ; and what must have been the result had they passed 
through the building? As conductors can be surcharged, 
broken, and fused, and electric fluid becomes sensible iu the 
form of^P spark upon Jhe surface, and, as it has been shown 
by experiment, streams of ffume are sometimes conducted 
along the surface of a conductor; are not these facts alone 
sufficient proof, that it is dangerous to conduct these electric 
streams through a ship’s powder magazine? When the 
electric fluiil is sensible in the form of a spark or sparks, or in 
such streams, and conveyed by the conductor to the inflam¬ 
mable air in the bottom of a ship, wil^it not cause ignition of 
this imflammable air and and burn the ship ? Hydrogen is 
put into a gaseous state by the agency of electricity, and the 
bilge water would bn decomposed into oxygen and hydrogen 
gas and instantly blaze. Will not the electric sparks which 
form upon the conductors pass off to the iron tanks and iron 
ballast, and may it not explode under the powder magazine 
where it is conveyed by iron ballast ? 

3. llow is it to be presumed that conductors, such as the 
proposed, can guard a ship from a stroke of lightning when it 
is known that a single flash fused a conductor t>n the main¬ 
mast, shivered the foremast, splinters distant parts of the 
deck, and a sufficiency of the electric fluid passes down 
below, destroying bulk-heads and fusing a bar of metal there. 
The spgre topiftasts and topgallant masts being fitted with 
conductors, and placed in the centre of the ship, as is the 
custom in all her Majesty’s ships between the fore ayd main¬ 
masts, pointing both to the quarter-deck and forecastle, on 
which the officers and crew are always in considerable 
numbers. Will not these people be killed by a discharge 
from these longitudinal conductors ? 

4. Should the conductor convey any portion of the fluid 
to the bolts in the keel touching the copper sheets on the 
bottom, will it not pass along the bottom ancj knock off the 
remainder, and will not these bolts be driven out and the 
keel split ? What will be the expense to complete the Navy 
with such a scheme ? Upon a very moderate estimate it will 
require £500. to dock and Annplete each ship, and £.'300,000. 
be required to complete the whole Navy. That there is not 
the smallest difficulty attending the hoisting up a chain con¬ 
ductor, it is a fact, for one man and a boy can accomplish 
this ; and when up and fastened to the back-stays, it cannot 
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be injured though it remain up for a voyage. In what does 
the plan differ from Mr. Singer’s, proposed nine? years pre¬ 
viously, who first put bolts through the keel, •or those thirty 
years ago in use in the French Navy; both being abandoned 
by the inventors as chimerical and dangerous in the extreme. 

As long back as (’apt. Cook’s being at .lava, in the En¬ 
deavour, in 1709, the dangerous effects of spindles in the 
mast of ships are recorded by Mr. Circen who acdbjnpanied 
him. During a storm of thunder and lightning and rain, the 
mast of a Dutch Indiaman was split and destroyed from the 
spindle to the deck. So great was the shock, that consider¬ 
able fear was entertained for the safety of the Endeavour, as 
the explosion shook her like an earthquake ; proving that it is 
not only the ship or building to which a conductor is affixed, 
that is endangered, buj; all fora considerable distance around. 
If a single spindle can invite so powerful and dangerous an 
agent, how much greater must be the stroke in presence of 
three of them such as are placed in the masts of her 
Majesty’s ships, in ordinary at Plymouth. A link of 
the chain conductor such as used at sea is put over the 
massive spindle and continued to the water. The first experi¬ 
ment made was to prove the danger of such a scheme. A 
model being produced, and the spindle exposed to an ordinary 
discharge of the fluid from the battery, the chain was instantly 
fused by tho lateral discharge, and the mast splintered, prov¬ 
ing the danger of the plan, and that the strips of copper of 
the fixed conductors to the masts of ships would be fused from 
the spindle. * 

A mast thus splintered and set on fire vfould involve the 
ship in destruction. It has been asserted by the suggester of 
this scheme, that although the fixed conductor had been cut 
through by a saw, or a break made in it, this would npt im¬ 
pede the passage of /he fluid. “ That sparks were passed 
through gunpowder without igniting it, and that electric fluid 
is always transmitted along the surface of conductors.” 

2nd. Ex. .A copper conductor was passed through the 
centre of the magazine of a ship fitted after the plan in ques¬ 
tion, precisely as 11. M. Ship Java was fitted, with the ex¬ 
ception of it Leing nailed to the mast. The conductor was 
cut through to represent the break said to be made in the one 
fixed to the mast of the cutter, in the public experiment, 
powder placed near to the fracture, in a shock being passed 
through the conductor instantly ignited. A greater charge 
was then sent through the conductor which was instantly 
melted, globular metal being produced. Several other expe¬ 
riments were made to exemplify more satisfactorily the fusion 
of conductors by lightning. 
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* XU 11. MISCELLANEOUS ARTICLES. 

« 

Letter to the Jiditor of the Annals of Electricity , Sfc., $c. 
From the Rev. N. C allan, Professor of Natural Philosophy. 

Maynooth College, Nov. II, 1839. 

Dear Sir v 

I have read, within the last week, a letter from Professor 
Forbes,^pf’ Aberdeen, tp Dr. Fpraday, in which he states that 
Mr. Davidson, of Aberdeen, has been eminently successful 
in the production of a moving power by electro-magnetism; 
and that Mr. Davidson “ is the first who employed the electro¬ 
magnetic pqwer in producing motion by* simply suspending 
the magnetism without a change of the poles. This, he says, 
Mr.'Davidson accomplished about two years ago.” I believe 
I may fairly dispute Mr. Davidson’s claim to be the first who 
employed that method of applying electro-magnetism as a 
moving power. Jt is about two years since 1 first constructed 
an electro-magnetic engine for the production of motion, in 
which there was no reversion of the poles of the magnets, but 
only a suspension of their magnetism. In a letter of mine, 
dated February 20, 1838, and published in the Annals of 
Electricity, on the first of April, in the same year, I refer to 
three different electro-magnetic engines which I had then 
made. In one of these there was no reversion of poles; but 
only a suspension of the magnetism. 1 have 'since made 
several engines on the same principle. I made one in August, 
1838, for the Right Rev. Dr. Carew, Coadjutor, Bishop of 
Madras, which he brought with him tQ India, for the use of 
his Seminary, in this there were two magnets ; the motion 
was produced not by a reversion of poles, but by a suspension 
of thft magnetism. In the commencement of the present 
year, J made one on the same principle for the College. It 
worked very well, although it contained-only a single magnet: 
it was exhibited to my class last February. Within the last 
two years I have made a great variety of machines for the 
production of motion by electro-magnetism.- In some of 
these the poles were reversed; in others, the magnetism was 
only suspended ; and in others, the magnetism was constantly 
maintained. In some the motion produced by the magnetic 
force was rectilinear, and, of course, a crank was employed to 
convert the rectilinear into a curvilinear motion: in others, a 
rotary motion was directly produced by the magnets. The 
crank engines differed’ from all the crank engines of 
which I have seen any description, in this respect, that the 
length of the stroke might be ten or twenty feet if necessary. 
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without any'diminution of tho moving power of the magnets. 
The immediate publication of the results of my experiments 
would bo premature as some still remain to be' made. I 
intend soon to make an engine of considerable power. My 
experiments give me evtfry reason to think that, with a given 
battery, the moving force of each magnet, in that machine, 
will be at least eight or ten times as great as it would be if 
the magnet were placed in an engine constructed on the plan 
of Professor Jacobi. I do .not know the-plan of Mr. Dftvidson, 
and therefore cannot compare it with mine. The moving 
force which he obtained appears to me very small, when [ 
consider the size of the battery employed. However, that 
may have arisen lYom a defect in the construction of the 
machine rather than from any defect in his plan. He cer¬ 
tainly deserves encouragement. I agree with Professor 
Forbes that “ it would* be much for the interest of railroad 
proprietors,” and still more for the interest of companies who 
use stationary engines, to take up thesjlvject; and to incur 
the expense of making experiments, on a large scale, on the 
host method of applying electro-magnetism to the working of 
machinery. I am fully convinced by the experiments of 
Professor .laeobi and of Mr. Davidson, and still more by 
my own, that electro-magnetism will ere long be substituted 
for steam. I intend to send you, as soon as convenient, an 
account of the principal experiments which 1 have made for 
the purpose' of ascertaining the best means of employing 
electro-magnetism as a moving power. 

1 have the honour to remain, 

your very obedient humble servant, 

5 N. CALLAN. 


Method of distinguishing the Arscmrrcttcd, from the Anti- 
moniuratted Ifydti'ogcn Gas. By Promisor Max. 

The metalluretted hydrogen gas for examination being 
ignited at a jet, a piece of porcelain is held over it till a dark 
speck is produced. The speck is then moistened with a drop 
of uitro-murigtic acid. Then by adding a drop of the aque¬ 
ous solution of sulphuretted hydrogen a precipitation takes 
place. If the tested gas be arsenuretted hydrogen the preci¬ 
pitated substance is of a pure yellow colour : but if it be 
antimoniuretted hydrogen the precipitated substance is of a 
deep orange colour. The difference of colour is so distinct 
that no one can mistake the One from the other. The whole 
process is exceedingly simple and may he performed in a few 
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minutes. Poggendorff's Annallen des Physic and Chemie, 
N o. 3, 183S. 

The following method has lately been given by Mr. Marsh. 
The piece of glass or porcelain intended to receive the metal¬ 
lic crusts is to have a drop of distilled water placed on it: 
and then, with the drop of water on the lower surface, held a 
little above the # apex of the cone of flame of the burning gas 
which is issuing from the jet. If arsenic be the metal in the 
hydrogeQ," arsenical acid formed by this process is dissolved 
by the drop of water, and is is easily detected by a drop of 
the ammoniacal nitrite of silver, which immediately produces 
the arsenite of oxide of silver, which is of a lemon yellow 
colour. If antimony be the metal in combination with the 
hydrogen gas under examination, no such result is produced 
by this process. When much arsenic is present it will be 
advantageous to employ a clean glass tpbe, about six inches 
long, and slightly moistened inside with distilled water. 
The tube, thus prepared, is to be held vertically over the 
flame of the burning gas, and a strong solution of the sub¬ 
stance is soon obtained, which may be tested as before stated. 


* My dear Sir, 

Your correspondent, C. Barker, Esq., hasnotic*d my ques¬ 
tion in your Annals for June 1838, respecting the spotted jar. 
If he did not observe the appearance of the sparks as I then 
stated, it is possible I may have been mistaken ; it is many 
years ago since i noticed what I remarked. To save the 
trouble of fixing spots on the inside of a Leyden jar, 1 lined 
it with plain tinfoil, paid on the outside fixed very small spots 
the size of those used for spiral tubes. Now, the pieces of 
tinfoil being so diminutive, they could Ijolcl but a small por¬ 
tion of electricity, and therefore the spark might be almost 
imperceptible. I regret not having leisure to try another jar 
lined with plain tinfoil, for, if it answeis, a great saving of 
trouble is elfecled. * 

I feel greatly obliged to Mr. Barker for reminding me of 
this circumstance, as it gives me an opportunity of correcting 
a mistake ; and also for the valuable informat ion contained 
in his letter inserted in the last No. of your Annals. His 
recommendation of an insulated stand is well deserving the 
attention of all experimenters; I have usqd it for several years 
to exhibit the electric fly, orery, dancing figures, See. but 
lately it occurred to me that a resinous plate about 1*3 inches 
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in diameter, and a third of an inch thick, will answer all the 
purposes of an insulated stand. 

Mr. Barker enquires how to line the inside of large carboys, 
to make them Leyden jars, which you have*informed him, 
but I think he will find that although green glass does very 
well for electrical machines, it will not answer for Leyden 
jars; I once constructed a battery of them*which proved 
useless. 

I ajn, • 

Vofy truly yours, 

J. HARPER. 

Oxford^ Dec. 26, 1839. 
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LXV .—On the Connection bet ween Electricity and Vegetation 
By Thomas Pine, Esq. (Resumed from page 250.) 

* 

If the air in a state of purity imparts a strong electric 
excitement to the embrios of plants, and thus produces a 
commencing movement in the vegetable juices, no sooner is 
the genn beginning to # open than it craves the influence of 
vapours to maintaijii its increasing vitality, and promote its 
growth. .Accordingly it is endowed with powerful conducting 
qualities in its structure and functions suited to the new element 
on which it has to act. The low springing herb, and the 
shooting* and slightly expanding leaf of every description arc 
now offered to our notice. For the fixed, rigid, texture of the 
seed and bud, is substituted the lithe, elongated, but acutely 
edged and pointed, form of the leaf, waving with eveiy breeze, 
as if to catch and appropriate to its use every approaching 
vapour. These most intense attractors of electricity find it in 
the atmospheres of vapours as they gradually condense into 
the liquid state.- In nothing is it more conspicuous than in the 
action of the tender herd upon the morning dew. The creeping 
species are the most remarkable/or this quality, as they receive 
their watering in a great dqgree, particularly on fine summer 
mornings, from the dew which then appears to arise from the 
Vol. JV. — No. 24, April, 1840.. F f 
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soil and to undergo a condensation from the attraction of the 
young leaves, aided probably by the cold produced by the 
evaporation. The down of the leaf, distinctly discernablo only 
by the microscope, is in this case the principle organ of attrac¬ 
tion, of which that of the strawberry, affords onb of the most 
remarkable specimens. When in its growiflg state, its fine 
needles, placed at coiA’cnient "distances from each other, ex¬ 
hibit at each point a transparent globule at a considerable dis¬ 
tance from the surface of the leaf. , 

The same effect is observable as the general attendant of the 
settling of dew on the herbj^ge, and, on the early footing of 
plants. Observing the dew on som^ herbs on which no down 
was apparent to the naked eye, I found on a minute microscopic 
inspection, that points of extreme tenuity were the agents in 
prodiicing the wJitery effusion. This agency, is peculiarly 
conspicuous in the vegetable marrow, the stem and leaves of 
which are every where bristling with fibrils, to whose* acute 
extremities the globules attach. A beautiful display of the 
principle appears in the herb called alpine wall cress; the 
leaves of which are furnished with innumerable stems perpen¬ 
dicular to either surface, and branching out into four needles 
after the manner of our metallic protectors ; at every point of 
which a globule attaches, while a larger globule is formed at 
their common centre. What but that peculiarly energetic 
property of electric attraction with which all vegetating points 
are endowed, can have operated to produce this effect ? The 
condensing vapour exudes its latent imponderable fluid, which, 
entering Ine pores of the leaf, leaves a portion of water in the 
liquid state upon its surface; while a larger portion probably 
descends more completely deprived of its electric matter to 
the roots; thus furbishing an opportunity for its action from 
above in causing the absorption of the liquid filming the 
materials of the sap, through the exquisitely minute channels 
of the stein, from the innumerable storms at the ramifying 
extremities! A powerful attraction is thus manifested J>y each 
minute vegetable poftit for the floating vapours, w hich, operating 
in conjaction with a low temperature deprives them of their 
gaseous calorie, and reduces them to their liquid state. These 
points being exquisite conductors of electricity, and acting 
with peculiar energy, as such, upon the clouds and vapours of the 
atmosphere-and at considerable distances, can j,t be questioned 
that this is the species of attraction that they have exerted in 
condensing the vapour, and attaching the liquid water to their 
extremities; that a portion of the subtile fluid has been imbibed 
by the leaf, and through the’channels of the wood, which 
from their extreme minuteness maf be considered as so many 
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tubulated points* by which the electric influence is acting 
with the greatest possible efficacy on the rising sap. It is 
thus made to mount and spread, and impart vital energy and 
expansion to *the whole plant. The same principle which 
acting from the pure air produces a first vegetable excitement 
on the prepared materials of the seeds* and buds, and the 
commencing shoots, and which so evidently operates in pro¬ 
portion as it is increased by natural or artificial means in 
promoting this result, is now administered in much larger 
quantities through points of far greater number and efficacy, 
and conveys with it one of the most essential ingredients of 
nutrition; and thus the source of increasing vitality and an 
essential material of growjh and vigour are furnished by the 
same process. • 

By a similar “process, the loftier plants and more advanced 
vegetation receive a like vitalizing and nutritive influence 
from the clouds and vapours. The upper benches and spread¬ 
ing ramifications of the trees must aet with great energy, and 
with little interruption from any contiguous bodies, on th6 
clouded atmosphere which forms around them with every 
approaching shower. They are well known to be strong 
attracters of clouds ; and it has been observed, that in insular 
or detached situations in which a few trees form the sole 
attracters, the atmosphere of vapour is in a great degree 
confined to their summits, and they have been described as so 
many 44 alembics” from whose loaves water is continually 
44 distilled,” and that 44 in some of the smaller islands of the 
West Indies, where there are no rivers or springs, the people 
are supplied with water merely by the dripping of large tall 
trees, which, standing in *the bosom of a mountain, keep their 
heads constantly invfcloped in fogs and clouds, from whence 
they dispense their kindly never-ceasing moisture.”+ But as 
1 am acquainted with no facts which so distinctly manifest 4he 


, * Though tubes cannot in strictness be points, yet as these natural tubes 

bored by the divine hand with a minuteness precisely adapting them for the 
notion o'f a fluid which was ascertained by the numerous experiments of the 
Ahbii Nollet, to promote the flow of liquids through tubes, it\ degrees increas¬ 
ing with their minuteness, and as they approach by many degrees nearer to 
physical points than any that can be discerned by our unaided vision, I have 
used the above expression the more effectually to convey an idea of their 
conducting power. And when it is considered that the solid matter through 
which they are bored is a complete non-conductor * confining tbe action of the 
electricity entirely to the liquids contained in the tubes, they iqust, I thick, 
be seen to be performing the functions #f exquisite electrical points in pro¬ 
moting the rise and flow of the vegetable juices. 


f White’s “ Natural History of Selborn.” 
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agency of plants in depriving vapour of electricity, as those 
which appear in several experiments made by J. Williams, Esq. 
as related by him iu his “ Climate of Great Britain,” I shall 
extract the particulars from his valuable work^to be inserted 
if it be thought requisite for the convenience of your readers, 
as an appendix to these remarks.. 

It is easy to see^thdt severed important consequences, highly 
beneficial to the animal as well as the vegetable system, must 
result from this arrangement. The attraction of the leaves 
must operate to produce the condensation of th% vapours, at 
much higher temperatures* and in a more gentl# and bene- 
fleial manner than could be effected by the mere action of 
cold; and as large quantities of the subtile fluid are thus 
gradually imbibed into the substance of plants, and in part 
transmitted to the earth, injurious accumulations of. it in the 
atmosphere are averted. I conceive that in the absence of 
plants when there could be no cause of the condensation of 
vapours,, except a*low temperature, and were considerable 
quantities of aqueous gas actually formed in the atmosphere, 
the* result must be, that no condensation would be effected 
till the cold had become extreme, when there would be a 
sudden immense percipitation of vapour, and its gaseous 
caloric being as suddenly set loose, a portion of it would 
rapidly combine with the particles of air, thus heating and 
rarifying it to an extraordinary degree, and another portion 
remaining in a state of separation from any gravitating matter 
would exhibit electrical phenomena in degrees which must 
greatly disturb the harmony of nature, and produce die 
most disastrous effects. There are some negleeted or unpro¬ 
ductive districts where an approach .toward this condition of 
the elements has been experienced, of which I find the follow¬ 
ing general description. “ In countries which are Uncultivated 
the weather is generally in extremes.. Rain whep it falls 
takes the form of an overwhelming flood, not gently entering 
and moistening the soil, but rushing along the surface, tearing 
up one place, strewing another with debris, and reducing 
both to a state of indiscriminate ruin j while scarcely has the * 
flood gone by, when the returning heat evaporates the little 
moisture which, is left behind, and bums-up the coarse and 
scanty vegetation which the rains hate fostered.” Of the 
salutary change from such a state to one in which the extremes 
of cold and heat, of moisture and dryness, have been greatly 
mitigated with the progress of cultivation, an example ia 
alleged from the central patf of Scotland.* No particular- 


Librar/ of. Uteftil Knowledge” Vul. xv. Part L. pp. 2„ 3. The. 
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notice is hefre taken of the electrical phenomena attendant 
upon the other extremes, nor on the effects produced by an 
improved vegetation in softening their character; but ft is 
well known, that intense heats and sudden depositions of 
water are the ordinary precursors and attendants of strokes 
of lightning. One of the heaviest and most sudden sheets 
of rain that has fallen under my observation, and indeed, I 
think it considerably exceeded any that I had previously 
experienced, was*accompanied with a still more extraordinary 
display of # lightning, the fluid ^flying with zig-zag course 
incessantly in all directions, and occasionally sweeping round 
and exhibiting to view the whole black concave whence it 
issued I—Storms and hurricanes are very much the attendants 
of a partial and irregular distribution of plants, such as is 
incident to uncultivated spots,* and in high latitudes where 
there is a large effusion of the solar beams;—but more 
especially over small, rich, cultivated clumps in islands sur¬ 
rounded by the ocean. The heavy accumulations of clouds, 
and rains on those spots, particularly, when the winds set in a 
corresponding direction, are the well known accompanyments 
of those terrific electrical discharges which are occasionally 
witnessed in the islands of the western ocean. Since the 
temperature in those latitudes is seldom sufficiently reduced 
to be of much avail in the condensing process, the attraction 
of lofty and luxurient trees is almost the sole instrument in 
producing the effect, and the immense quantities of caloric 
which are abstracted by evaporation from the ocean 
and plants united are concentrated on the devoted spots; 
the consequences are those prodigious discharges of water, 


particulars oC^bis change are as follows ; “ Within the experience of persons 
stilUiving, the snow which in that country began to fall in November, was 
not wholly*gone until the month of April; while in the middle of Summer 
the heat was so excessive, that agricultural labourers were obliged so suspend 
their toil during four or five hours in the middle of the day. At that time 
the autumnal rains frequently descended with so fiuch violence, that the 
crops which had been retarded by the coldness of the spring, were prevented 
from ripening in the high grounds, were lodged and rotted in the lands that 
were lower, and. swept away by the swelling of the streams pver the holms 
and meadows. In the same spots at the present day, the quantity of snow 
which usually falls during the winter, is comparatively smfcll, appears rarely 
before Christmas, and is gone in February or early in March. The summer 
heat is more uniforfhly distributed, seldom amounting to a degree oppressive 
to the labourer, or protracted to a term injurious to the crops, while the 
rain which follows is neither so violent in degree, nor so long continued, and 
happening when the grain is far advanced toward ripeness, the injury which 
it does is comparatively trifling.” ibid* pp. 3,4. 

* Austrulia is one of the uncultivated spots instanced under the above 
general description. 
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of heat, and of electricity which are incident to those 
islands. 

The co-operation of cold and of vegetation, in producing 
the condensation of vapours, or rather perhaps their respec¬ 
tive effects in the absence of each other,, forms of itself a 
curious and interesting subject of inquiry ? When the sun’s 
rays are so few and Inefficient as to leave the ordinary tem¬ 
perature of the atmosphere considerably below the point at 
which vapour is transformed into water, they rarely if ever 
produce any electrical effects upon, or very near, the earth’s 
surface. But when the temperature advances considerably 
above that point, there appears *to be no other means of 
counteracting their tendency to float loosely iu the atmosphere, 
and appear in the form of electricity in degrees which must 
prove highly injurious, but by their uniting with water in the 
form of vapour. This they do in the first instance from the 
ocean, seas, and rivers; but as they accumulate over par¬ 
ticular spots, the agency of plants becomes more .and more 
necessary in aiding the process, and in so appropriating and 
disposing of the vapours as to render them most effective both 
in carrying forward their own progressive advancement, and 
in protecting animals against the effect of extreme heat and 
pernicious accumulations of electricity. But a better oppor¬ 
tunity will be afforded of treating of this subject in reviewing 
the state of vegetation in its most advanced stages. 

It may deserve consideration how far the carbonic acid 
operates as a mean of exalting the conducting efficacy of 
plants, since they appear to live and thrive in proportion as a 
sufficient supply of this acid in its combination with water, is 
furnished to the roots. A sprig of mint, though peculiarly 
adapted to live and strike root in water, .^lightly impregnated 
with this gas, will speedily wither in water from which all 
access of this gas is excluded, [f I might be allowed* to 
conolude this paper with a conjecture concerning the superior 
conducting efficacy of vegetable points above those df metals 
and all other substances, and that notwithstanding the strong 
non-conducting property of their solids, it should be by a 
reference to the expansive nature of all growing substances, 
in which thby greatly exceed even metals, together with the 
quantity of oxygen which is conveyed by means of the acid 
and water to the positive electricity from the upper extre¬ 
mities of the plant, while the remaining elements of carbon 
and hydrogen under the influence of negative electricity, 
combine to form the larger portion, of the materials of the 
produce. The solid portion of tfce leaves is I believe known 
to be principally composed of those two elements, and their 
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attraction for the carbonic acid from the atmosphere, when it 
is decomposed, and yields pure oxygen gas under* the influ- 
ehce of the sun’s rays, while the carbon is retained, strongly 
favours the t*onclusion; and the ripening process of fruits, 
which seems to Be in a great degree effected by the extraction 
of oxygen from their juices under the same influence, allowing 
those rays, to be positively electrical, teifds to its confirma¬ 
tion. 1J ydrogep seems to be a promoter of the green colour 
of the leaves, as plants confined in this gas improve in green¬ 
ness, arn^ the discovery^ of the decomposition of water in 
vegetation by Mr. We^ks, enables us to perceive that 
hydrogen is supplied to plants from water, no less certainly 
than carbon from the carbonic acid. I apprehend that elec¬ 
tricity will be # allowed to be ati essential agent in producing 
these decompositions. We are here reminded of a statement 
of Div Darwin, that “ the production of oxygen gas from 
green leaves, and other green vegetable matter is probably 
owing to the decomposition of the water perspired by the 
plant, and as the oxygen may be expanded into gas by the 
sun’s light, the hydrogen may be detained in the pores of the 
vegetables. Hence plants growing in the shade are white, 
and become green by being exposed to the sun’s light, for 
their natural colour being blue, the addition of hydrogen adds 
yellow to the blue, and tin ns them green.” It docs indeed 
seem to be highly probable that as carbon and hydrogen, 
when separated from oxygen as they probably are in the most 
perfect manner in the leaves of plants, by the potefit agency 
to which they are exposed from the solar rays, should unite 
in forming the substance and colour of the leaf. And to 
what but electricity or galvanism can we ^scribe this twofold 
■decomposition ana recomposition in the production of the 
substance and beautiful compound colour which distinguishes 
the vegetable kingdom! , 

• 

Prom Mr. Williams “ Climate of Great Britainwith 

Remarks. 

• 

His chapter on “ the power of Vegitablcs to deprive Vapour 
of its Electricity,” &e. abounds in evidence of the principles 
we are maintaining; but as his views in several respects do 
not coincide with the objects for which they are here adduced, 
I shall accompany the extracts with such observations as may 
throw some further light' upon ftieir principles.—He says p. (i3 
that “he was principally letl to the consideration of this pro¬ 
perty in vegetables by remarking the drops of water on the 
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edges and angular points of the leaves of grass- about sun¬ 
setting, before any general precipitation of nocturnal dew 
was perceptable; and from observing that trees and hedges 
occasioned a precipitation of fog, when attended, with a gentle 
wind , but not in a calm .—“This important fact” he had 
“repeadedly verified” by the use of the electroscope. “ Upon 
the 15th and lGth days of September, 1805,” he writes “there 
was a very dense fog. On the morning of the 15th it was 
attended with a perfect calm: the trees and hedges being 
loaded with dew; but no precipitation of tho fog, and 
the electricity strongly positive; act eight A. M. ft began to 
clear away; and at ten A. M. the cun shone bright, and the 
day was tolerably fair. On the following morning the fog 
was equally dense; but about seven A. M a gentle wind 
arose from the south, which bringing new particles of 
vapour within the conducting influence of trees and hedges, 
occasioned a copious fall of vapour from their leaves and 
small branches, but 'no general precipitation occurred.” In 
general he observes that “if the electroscope shows signs of 
electricity it ceases to do so when brought within six or ten 
feet of a tree, or hedge, owing to the power these possess of 
drawing off the electricity of the vapour which comes within 
the power of attraction.” This power may be rather refera¬ 
ble to the general electricity of the atmosphere than of the 
vapours which are diffused through it, especially if no vapours 
are visible, since it may be questioned whether in a partially 
condensed state, or on their having been recently condensed 
by the conducting agency of plants a larger portion of the 
fluid may not float for a time in their vicinity than in situations 
in which the vapours remain in a state of transparent gas 
having no electrical atmosphere around them. But on the 
experiments on fogs we see a clear exemplification of the 
agency of vegitation, especially when assisted by vpnds, in 
causing the condensation of vapours to their liquid state at 
temperatures in which in its absence they would remain 
partially condensed’ yet floating in the atmosphere. It must 
also assist in causing a farther precipitation by keeping the 
temperature comparatively low in consequence of the quanti¬ 
ties of the rfuicj it imbibes, and which would were the whole of 
what formed the caloric of vapour diffused through the 
atmosphere raise it to a temperature that wbuld operate to 
prevent the process of precipitation from proceeding. In 
like manner it must avert dangerous accumulations of elec¬ 
tricity, for a portion only of the fluid which is set loose by the 
previous cold, entering into combination with the particles of 
air, the remaining portion must float in an uncombined elec- 
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trical state, ‘and animal life unprotected by the conducting 
agency of plants must be exposed to frequent attacks. What 
am the pestilential simoons of Arabia, but electric matter 
bursting from an atmosphere already charged with it, and 
which undine no* medium of conveyance or opportunity of 
distribution, out through the bodies of animals thus exposed 
to its influence, produces effects upon the frame equalling or 
exceeding that of a powerful galvanic battery. 

The following*beautiful experiment clearly shews the exis-t 
tenee of anP electric atmosphere aronnd the surface of vapour 
as it condences by cooling, and that it is attracted and absor¬ 
bed by the leaves of plants. “ To the cap of a gold-leaf 
electroscope, I affixed a horizontal support for a candle, 
which projected t\yo feet from the cap of the instrument 
placed near the edge of a table; on the floor immediately 
below .was an eathem vessel containing hot water about one 
inch in depth ; the candle being lighted, Jwo or three red hot 
embers were dropped into the vessel of water, which instantly 
raised a* sudden cloud of vapour; the electricity of this being 
collected by the candle connected with the electroscope, the 
gold leaf opened suddenly and struck the sides positively. 
Some branches of trees with their foliage were now placed 
between the vessel on the floor and the candle ; the experi¬ 
ment being repeated the vapour passed through the interstices 
of the boughs but the electroscope opened only half an inch; 
more boughs were now added and slightly sprinkled with 
water to increase their conducting power, the experiment was 
again repeated; a great part of the vapour still made its way 
through the interstices of the leaves and branches, but so 
completely deprived of* its electricity that the gold leaf did 
not diverge in the ^hiallest degree.”—pp. f3,74—$he effect of 
the sprinkling of the water was probably to aid a little in the 
condensation by its cooling influence, and thus to add rather 
to the quantity of eleetriet matter discharged than by its far 
inferior conducting agency to that of living leaves to aid in 
its removal. The great efficacy of the leaves in absorbing 
the fluid is thus rendered strikingly apparent; the continu¬ 
ance of a great portion of the vapour in an uncondensed state 
must have been the consequent of the raised* temperature; 
In nature temperature and vegitable attraction are often so 
admirably arranged that the vapour disappears, and a clear, 
mild, and moderately electrified atmosphere is the frequent 
result of their cooperation. 
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On the several species of vapours. 

It may not be improper here to observe that there appears 
to be a threefold provision in nature for the irrigation of plants 
of different magnitudes and under different circumstances. The 
clouds which sail aloft are the evident result of the action of 
the solar beams upon the waters ; and these’ are much devo¬ 
ted to the larger and loftier vegetation. After a drying day 
the creeping species and Uniforming shoots of plants require 
immediate moisture, and it accumulates upon them in the 
absence of the sun in the form of dews, the sources of which 
have been differently ascribed either to a concentration of the 
cooling atmosphere, or to a rise of vapour from the soil in a 
similar state of cooling. My own observations by glasses 
inverted upon the soil during the night season have been 
altogether in favour'of the latter conclusion. They arc uni¬ 
formly wetted internally in quantities proportioned to the dew 
which appears upon the herbage, and i ts disappearance is accom¬ 
panied with that of the wetness in the glasses even though they 
remain inverted on the soil. It is indeed a curious circum¬ 
stance which I have proved by repeated observations that in 
a clear still atmosphere in the sun’s absence when dew is 
forming, a corresponding wetness appears on the internal sur¬ 
face of any vessel whether of glass or earthenware which is 
inverted on the soil; and on the other hand when there is an 
opposite tendency in the atmosphere, when it inclines to the 
formation of clouds and rain, an opposite effect will appear in 
the inverted vessel, no moisture will .arise in it from the soil, 
and if any Ifed bceA previously formed in «it, or isj)troduced, 
as by breathing, it will presently disappear. Are not these 
P h senomena ascribable to variations in the relative electricity in 
the soil and the atmosphere, co-operating probably with cor¬ 
responding change,s of temperature ? In the sun’s absence 
no evaporation proceeds from plants, the atmosphere coo's and 
becomes less impregnated with electric matter, the soil retains 
a larger proportion of warmth and electricity it had imbibed in 
the preceding.day, than the atmosphere and the moisture 
which by the sun’s rays is drawn through the leaves, remaining* 
also in the soil, combines with the warmth and electricity to 
form a rising vapour; the evaporation produces a coolness on 
the surface of the ground,which co-operating with the strong 
attraction of the young and almost exhausted germs and herb¬ 
age condences the vapour, and«thus a seasonable supply of 
electricity and moisture with an improved temperature is ad- 
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ministered to these minute and tender productions. This 
appears to be the case when the atmosphere clears i« the sun’s 
absence and a transparent sky is seen, the particles of electri¬ 
city and of moisture in its combining into pure aqueous gas, and 
leaving it in a dny and comparatively negative state ; but when 
an opposite tendency prevails and the atjnosphere becomes suf¬ 
fused with clouds and vapours, the caloric and electricity of these 
valours being released from an opposite relation to the soil 
wnich is now comparatively cool and negatively electrical, 
and consequently in a condition to absorb the moisture and 
electricity of the condensing vajJbur. This condition of the 
soil imparts a corresponding state to the plants which extends 
to their upper extremities, and hence a general disposition 
both in the soil and plants to imbibe the combined vitality and 
nutriment whlfch is thus imparted to them. 

Fogs appear to have a somewhat different origin from 
either clouds or dews. They are chiefly prevalent in the 
winter and late autumn seasons ; and seem to result from a 
condensation in the lower regions of the atmosphere by the 
action of cold in the sun’s absence, or in part from the imper¬ 
fect action of his few and languid rays in raising vapour from 
a previously moistened soil. The plants then in a state of 
vevetation being evergreen shrubs and quickset hedges, 
chiefly, the moisture attaches to them in large quantities, and 
seems to furnish them with a supply of nutriment in its 
union with electric matter that greatly conduces to their sup¬ 
port and progress, at seasons when the more active species 
are nearly dormant. 


LX VI. Extracttfrom the Instructions* * for the Scientific 
Expedition to the Antarctic Regions , prepared by the Pre¬ 
sident and Council of the Royal Society*. , 

’ PHYSICS AND METEOROLOGY. 

The council of the royal society are very strongly impres¬ 
sed with the number and importance of the desiderata in 


* The President and Council having been informed by the Lords Commis¬ 
sioners of the Admiralty that it had been determined, in conformity with 
their recommendation, to send out captuin James C. Ross on an Antarctic 
Expedition for scientific objects, and having been requested to communicate 
any suggestions upon subject^ to which they might wish bis attention to be 
called, referred the consideration of each to distinct Committees, namely, 
those of Physics, Meteorology, Otology, Botany, and Zoology, the result of 
whose labours is the Report from which the above is an extract.— Ed. 
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physical and meteorological science, which may wholly or m 
part be supplied by observations made under such highly 
favourable and encouraging circumstances as those afforded 
by the liberality of her majesty's government on this occasion. 
While they wish therefore to omit nothing id their enumera¬ 
tion of those objects which.appear to them Reserving of 
attentive inquiry on sound scientific grounds, and from which 
consequences may be drawn of real importance, either for the 
settlement of disputed questions, or for the advancement of 
knowledge in any of its branches,—they deem it equally their 
duty to omit or pass lightly over several points which, although 
not without a certain degree of interest, may yet be regarded 
in the present state of science rather as matters of abstract 
curiosity than as affording data for strict reasoning; as well as 
others, which may be equally well or better elucidated by 
inquiries instituted at home and at leasure. 

Terrestrial Magnetism. 

The subject of most importance, beyond all question, to 
which the attention of Captain James Clark Ross and his 
officers can be turned,—and that which must be considered as, 
in an emphatic manner, the great scientific object of 
the expedition,—is that of Terrestrial Magnetism; and this 
will be considered : 1st, as regards those accessions to our 
Knowledge which may be supplied by observations to be made 
during the progress of the expedition, independently of any 
concert with or co-operation of other observers; and 2ndly, as 
regards thosewhich depend on and require such concert; and 
are therefore to be considered with reference to the observations 
about to be carried bn simultaneously in the fixed magnetic ob¬ 
servatories, ordered to be established by Her Majesty’s 
Government with this especial view, and in the other, similar 
observatories, both public and private, in Europe, India, and 
elsewhere, with whjch it is intended to open and maintain a 
correspondence. 

Now it may be observed, that these two classes of observa¬ 
tions naturally refer themselves to two chief branches into 
which the science of terrestrial magnetism in its present state 
subdivides itself, and which bear a certain analogy to the 
theories of the elliptic movements of the planets, ana of their 
periodical and secular perturbations. The first comprehends 
the actual distribution of magnetic influence over the globe, 
at the present epoch, in its mean to average state, when the 
effects of temporary fluctuations are either neglected or elimi¬ 
nated by extending the observations over a sufficient time to 
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neutralize tfceir effects, The other comprises the history of all 
that is not permanent in the phenomena, whether it appear in 
the form of momentary, daily, monthly, or annual change and 
restoration, or in progressive changes not compensated by 
counter changes^ but going on continually accumulating in one 
direction* so as in the course of many years to alter the mean 
amount of the quantities observed. These last-mentioned 
changes hold the same place, in the analogy alluded to, with 
respect to the mean quantities and temporary fluctuations, 
that the secular variations in the planetary movements must 
be regarded as holding, with respect to their mean orbits on 
the one hand, and their perturbations of brief period on the 
other. 

There is, however, this difference, that in the planetary 
theory all these varieties of effect have been satisfactorily 
traced up to a single cause, whereas in- that of terrestrial 
magnetism this is so far from beiog demonstrably the case, 
that the contrary is uot destitute of considerable probability. 
In fact, the great features of the magnetic curves, and their 
general displacements and changes of form over the whole 
surface of the earth, would seem to be the result of causes 
acting in the interior of the earth, and pervading its whole 
mass; while the annual and diurnal variations of the needle, 
with their train of subordinate periodical movements, may, 
and very probably do arise from, and correspond to electric 
currents produced by periodical variations of temperature at 
its surface, due to the sun’s position above the horizon, or in 
the ecliptic, modified by local causes; while local or temporary 
electric discharges, due to the thermic, chemical, or mechani¬ 
cal causes; acting in the higher regions of the atmosphere, and 
relieving themselves irregularly or at intervals, may serve to 
render account of those unceasing, as they seem to us 
casual movements, which recent observations have placed in 
so conspicuous and interesting a light. The electrodyrtamic 
theory,"which refers all magnetism to electric currents, is 
silent as to the causes of those currents, Vhich may be vari¬ 
ous, and which only the analysis of their effects can teach us 
to regard as internal, superficial, or atmospheric. 

It is not merely for the use of navigators that charts,giving 
& general view of the lines of magnetic declination, inclina¬ 
tion, and intensity, are necessary. Such charts, could they 
really be depended on, and where they in any degree com¬ 
plete, would be of the most eminent use to the theoretical 
inquirer, not only as general directions in the choice of empi¬ 
rical formulae, but as powerful instruments for facilitating 
numerical investigation, by the choice they afford of data 
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favourably arranged; and above all, as affording decidedly 
the best means of comparing any given theory with observa¬ 
tion. In fact, upon the whole, the readiest, and beyond 
comparison the fairest and most effectual mode of testing the 
numerical applicability of a theory of terrestrial magnetism, 
would be, not servilely to calculate its results for given locali¬ 
ties, however numerous, and thereby load its apparent errors 
with the real errors, both of observation and local magnetism, 
but to compare the totality of the lines in our charts with (he 
corresponding lines, as they result from the formulae to be 
tested, when their general agreement or disagreement will not 
only show how far the latter truly represent the facts, but 
will furnish distinct indications of the modifications they 
require. 

Unfortunately for the progress of our theories, however, 
we are yet very far from possessing charts even of that one 
element, the Declination, most useful to the navigator, which 
satisfy these requisites; while as respects the others (the 
Inclination and Intensity) the most lamentable deficiences 
occur, especially in the Antarctic regions. To make good 
these deficiencies by the continual practice of every mode of 
observation appropriate to the circumstances in which the 
observer is placed throughout the voyage, will be one of the 
great objects to which attention must be directed. And 
first — 

At sea .—Wc arc not to expect from magnetic observations 
made at sea the precision of which they are susceptible on 
land. Nevertheless, it has been ascertained that not only the 
Declination, but the Inclination and Intensity can be obser¬ 
ved, in moderate circumstances of weather and se.a, with 
sufficient correctness, to afford most useful and valuable 
information, if patience be bestowed, and proper precautions 
adopted. The total intensity, it is ascertained, can fye mea¬ 
sured* with some considerable degree of certainty by the 
adoption of a statical method of observation recently devised 
by Mr. Fox, whose "instrument will be a part of the appara¬ 
tus provided. And when it is recollected that but for such 
observations. the whole of that part of the globe which 
is covered by the ocean must remain for ever a blank in our 
charts, it will be needless further to insist on the necessity of 
making a daily series of magnetic observations, m all the three 
particulars above-mentioned, whenever weather and sea will 
permit, an essential feature in the business of the voyage, in 
both ships. Magnetic observations at. sea will, of course be 
affected by the ship's magnetism, a«d this must he eliminated 
to obtain results of any service. To this end, 
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First. Every series of observations made on board should 
be accompanied with a notice of the direction by compass of 
the ship’s head at the time. 

Secondly. Previous to sailing, a very careful series of the 
apparent deviations, as shown by two compasses permanently 
fixed, (the one al usual, the other in a convenient position, 
considerably more forward in the ship,) iffevery position of the 
ship’s head, as compared with the real position of the ship, 
should be made, and recorded, with a view to attempt 
procuring the constants of the ship’s action according to M. 
Poisson’s t^flory*; and tjjis process should be repeated on 
one or more convenient occasions during the voyage; and, 
generally, while at anchor, every opportunity should be taken 
of swinging round the ship’s head to the four cardinal points, 
and executing ip each position a complete series of the usual 
observations. 

Thirdly. Wherever magnetic instruments are landed and 
observations made on terra Jirma, or on ice, the opportunity 
should be seized of going through the regular series on ship¬ 
board with more than usual diligence and care, so as to estab¬ 
lish by actual experiment in the only unexceptionable manner 
the nature and amount of the corrections due to the ship’s 
action for that particular geographical position, and by the 
assemblage of all such observations to alFord data for conclu¬ 
ding them in general. 

Fourthly. No change possible to be avoided should be 
made in ttie disposition of considerable masses of iron in the 
ships during the whole voyage ; but if such change b*e neces¬ 
sary, it should he noted. 

Fifthly. When crossing the magnetic line of no dip it 
would be desirable to go’through the observations for the dip 
with the instrument Successively placed in a scries of differ¬ 
ent magnetic azimuths, by which the influence of the ship’s 
magnetism in a vertical direction will be placed in evidence. 

On land , or on ice _As the completeness and excellence 

of the instruments with which the Expeditioi* will be furnished 
will authorise the utmost confidence in the results obtained 
by Captain Ross’s well known scrupulosity and exactness in 
their use, the redetermination of the magnetic elements at 

E oints where they are already considered as ascertained, will 
e scarcely less desirable than their original determination at 
stations where they have never before been observed. This 
is the more to be insisted on, as lapse of time changes these 


* See’Appendix A. 
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elements in some cases with considerable rapidity ; and it it 
therefore of great consequence that observations to be com¬ 
pared should be as nearly contemporary as possible, and that 
data should be obtained for eliminating the effects of secular 
variations during short intervals of time, so io enable us to 
reduce the observations of a series to a common epoch. 

On the other hand'it cannot be too strongly recommended, 
studiously to seek every opportunity of landing on points 
(magnetically speaking) unknown, and determining the ‘de¬ 
ments of those points with all possible precision. ^Nor should 
it be neglected, whenever ttye slightest room for doubt sub¬ 
sists, to determine at the same timg the geographical position 
of the stations of observation in latitude and longitude. 
When the observations are made on ice, it is needless to 
remark that thisVill be universally necessary... 

With this general recommendation it will be unnecessary to 
enumerate particular localities. In fact, it is impossible to 
accumulate too many. Nor can it be doubted that in the 
course of antarctic exploration, many hitherto undiscovered 
points of land will be encountered, each of which will, of 
course, become available as a magnetic station, according to 
its accessibility and convenience. 

There are certain points in the regions about to be traversed 
in this voyage which offer great and especial interest in a 
magnetic point of view. These are, first, the south magnetic 
pole (or poles), intending thereby the point or points in which 
the horizontal intensity vanishes and the needle tends virtically 
downwards; and secondly, the points of maximum intensity, 
which, to prevent the confusion arising from a double use of 
the word poles, we may provisionally term magnetic foci. 

It is not to be supposed that Captain l^oss, having already 
signalized himself by attaining the northern magnetic pole, 
should require any exhortation to induce him to use his indea- 
voure to reach the southern. On the contrary, it might better 
become us to suggest for his consideration, that no scientific 
datum of this description, nor any attempt to attain very high 
southern latitudes, can be deemed important enough to be 
made a ground for exposing to extraordinary risk the lives of 
brave and Valuable men. The magnetic pole, though not 
attained will yet be pointed to by distinct and unequivocal 
indications; viz. by the opproximation of theodip to 90°; and 
by the convergence of the magnetic meridians on all sides 
towards it. If such convergence be observed over any con¬ 
siderable region, the place of the polq may hence be deduced, 
though its locality may be inaccessible. % 

M. Gauss, from theoretical considerations, has recently 
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assigned a probable position in Ion. 146° E., lat. 66° S.,to tbe 
southern magnetic pole, denying the existence of .two poles 
o£ the same name, in either hemisphere, 1 which, as he justly 
remarks, woujd entail the necessity of admitting also a third 
point, haying sogne of the chief characters of such a pole 
intermediate between them. That this is so, may be made 
obvious without following oht his%ome wKat iptrieate demonstra¬ 
tion, by simply considering, that if a needle be transported 
from one such pole to another of the same name, it will begin to 
deviate froiji perpendicularity towards the pole it has quitted, 
and will end in attaining perpendicularity again, after pointing 
in the latter part of its progress obliquely towards the pole to 
which it is moving , a sequence of things impossible without 
an intermediate passage through the perpendicular direction. 

It is not improbable that the point indicated by M. Gauss 
will prove accessible; at all events it cannot but be ap¬ 
proachable sufficiently near to test by the convergence of 
meridians the truth of the indication; and as his theory gives 
within very moderate limits of error the true place of the 
northern pole, and otherwise represents the magnetic ele¬ 
ments in every explored region with considerable approxima¬ 
tion, it is but reasonable to recommend this as a distinct point 
to be decided in Captain Ross’s v yages. Should the 
decision be in the negative, i. e. shoij d none of the indica¬ 
tions characterizing the near vicinitjjf of the magnetic pole 
occur in that region, it will be to be sot ght; and a knowledge 
of its real locality will be one of the <[ stinct scientific results 
v' ; "h may be confidently hoped fronl this Expedition, and 
whicu 'only be attained by circumnavigating the antarctic 
pole comp-.-’ in hand., 

The actual attainment of a focus of maximum intensity is 
rendered difficult by the want of some distinct character by 
which it can be known, previous to trial, in which direction to 
proceed, when after increasing to a certain point the intensity 
begins again to diminish. The best rule to be given, would 
be (supposing circumstances would permit it) on perceiving 
the intensity to have become nearly stationary in its amount, 
to turn short and pursue a course at right angles to that just 
before followed, when a change could not fail to occur, and 
indicate by its direction towards which side the focus in ques¬ 
tion were situated. 

Another, and as it would appear, a better mode of conduc¬ 
ting such a research, would be, when in the presumed 
neighbourhood of a foeus oL maximiim intensity, to run 
down two parallels of latitude or two arcs of meridians 
separated by an interval of moderate extent, observing all the 
way in each, by which observations, when compared, the con- 
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cavities of the isodynamic lines would become apparent, and 
perpendiculars to the chorda, intersecting in or near the foci, 
might be drawn. . , * 

Two foci or points of maximum total intensity are indica¬ 
ted by the general ^course of the lines in Major Sabine’s chart 
in the Southern Hemisphere, one about long. 140° £.,lat. 
47® S., the other more obscurely in long. 235° E., lat. 60° 
or thereabouts. Both these points are certjtinly accessible; 
and as ihe course of the Expedition will lead not far from 
each of them, they might be visited with advantage by a 
course calculated to lead directly across the isodynamic ovals 
surrounding them. 

Pursuing the course of the isodynamic lines in the chart 
above mentioned, .it appears that one of thy two points of 
minimum total intensity, which must exist, if that chart be 
correct, may be looked lor nearly about lat. 25" S., long. 12° 
W., and that the intensity at that point is probably the least 
which occurs over the whole globe. Now this point does not 
lie much out of the direct course usually pursued by vessels 
going to the Cape. It would therefore appear desirable to 
pass directly over it, were it only for the sake of determining 
by direct measure the least magnetic intensity at present exis¬ 
ting on the earth, an element not unlikely to prove of impor¬ 
tance in the further progress of theoretical investigation, 
Excellent opportunities will be afforded for the investigation 
of all these points, and for making out the true form of the 
isodynarflic ovals of the South Atlantic, both in beating up for 
St, Helena, and in the passage from thence to the Cape ; in 
the course of which, the point of least intensity will, almost of 
necessity, have to \je crossed, or at least approached very near. 

Nor is the theoretical line indicated by Gauss # as dividing 
the northern and southern regions, in which free magnetism 
may be regarded as superficially distributed, undeserving of 
attention. That line cuts the equator in 6° east longitude, 
being inclined thereto (supposing it a great circle) 15°, by 
which quantity it recedes from the equator northward in going 
towards the west of the point of intersection. Observations 
made at points lying in the course of this line may hereafter 
prove to possess a value not at present contemplated. 

As a theoretical datum, the horizontal intensity has been 
recommended by Gauss, in preference to the total, not onlv 
as being concluded from observations susceptible of great 
precision, but as affording immediate facilities for calculation. 
As it cannot now be long before the desideratum of a chart of 
the horizontal intensity is suppli&d, the maxima and minima 
of this element may also deserve especial inquiry, and may bo 
ascertained in the manner above pointed out. 1 
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The maxima of horizontal intensity are at present undeter¬ 
mined by any direct,pb&crvat;ion. They must of ’necessity, 
however, lie in lower magnetic latitudes than those of the 
total intensity, as its minima must in higher; and from such 
imperfect means as we have of judging, the conjectural situa¬ 
tions of the maxima may be stated as occurring in 
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Observations have bc&i made of the horizontal intensity 
it the vicinities of II, and III., and are decidedly the highest 
which have been observed anywhere. , 

In general,''in the choice of stations for determining the 
absolute values of the three magnetic elements, it should be 
borne in mind, that the value of each new station is directly 
proportional to its remoteness from those already known. 
Should any doubt arise, therefore, as to the greater or less 
elegibility of particular points, a reference to the existing mag¬ 
netic maps and charts, by showing where the known points of 
observation are most sparingly distributed, will decide it. 

For such magnetic determinations as those above contem¬ 
plated, the instruments hitherto in ordinary use, with the 
addition of Mr. Fox’s apparatus for the statical determination 
of the intensity, will suffice; the number of the sea observa¬ 
tions compensating for their possible want of exactness. The 
determinations which belong to the second branch of our 
subject,—viz. those of the diurnal and other periodical varia¬ 
tions, and of the momentary fluctuations of the magnetic 
forces,—require, i» the present state of bur knowledge, the 
use of thobe more refined instruments recently introduced. 
Being qpmparative rather than absolute, they depend in great 
measure (and as regards the momentary changes, wholly) 011 
combined and simultaneous observation. 9 
The variations to which the earth’s magnetic force is sub¬ 
ject, at a given place, may be classed under three heads, 
.namely, 1 . the irregular variations, or those which apparently 
observe no law; 2 . the periodical variations whose amount is 
0 t function of the hour of the day, or of the season of the 
# ^par; and, 3. Ihe secular variations, which are either slowly 
* Progressive, or else return to their former values in periods of 
vry great and unknown magnitude. 

|(The recent discoveries connected with the irregular varia- 
4 'is of the magnetic declination, have given to this class pf 
lunges a prominent interest. In the year 1818 M. Arago 
* • 
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made, at the Observatory of Paris, a valuable and extensive 
series of observations on the declination changes; and M. 
Kupffer having about the same time undertaken a similar 
research at Gazan, a comparison of the results led to the 
discovery that the perturbations of the needle were synchro* 
nous at the two places, althpugh these places differed from 
one another by mere than forty-seven degrees of longitude. 
This seems to have been the first recognition of a phenome¬ 
non, which now, in the hands of Gauss an5 those who are 
labouring with him, appears likely to receive a full eluci¬ 
dation. * 

To pursue this phenomenon successfully, and to promote in 
other directions the theory of terrestrial magnetism, it was 
necessary to extend and vary the stations of observation, and 
to adopt at all a common plan. Such a system of simultane¬ 
ous observations was organized by Von Humboldt in the year 
1827. Magnetic stations were established at Berlin and 
Freyberg; and the Imperial Academy of Russia entering 
with zeal into the project, the chain of stations was carried 
over the whole of that colossal empire. Magnetic houses were 
erected at Petersburg and at Cazan; and magnetic instruments 
were placed, and regular observations commenced, at Moscow, 
at Sitka, at Nieolajeff in the Crimea, at Barnaoul and 
Hertschinsk in Siberia, and even at Pekin. The plan of 
observation was definitely organized in 1830; and simultane¬ 
ous observations were made seven times in the year, at 
intervals* of an hour for the space of forty-four hours. 

In 1834 the illustrious Gauss turned his attention to the 
subject of terrestrial magnetism ; and having contrived instru¬ 
ments which were^capable of yielding results of an accuracy 
before unthought of in magnetic researches, he proceeded to 
inquire into the simultaneous movements of the horizontal 
needle at distant places. At the very outset of hie inquiry 
he discovered the fact, that the synchronism of the perturba¬ 
tions was not condned (as had been hitherto imagined) to the 
larger and extraordinary changes; but that even the minutest 
deviation at one place of observation had its counterpart at 
the other. • Gauss was thus led to organize a plan of simulta¬ 
neous observations, not at intervals of an hour, but at the 
short intervals of five minutes. These were'carried o** 
through twenty-four hours six* times in the year; and mag¬ 
netic stations taking part in the system were established?at 

/ 

-*--—•- . ... L 

»Recently reduced to four. 
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Altona, Augsburg, Berlin, Bonn, Brunswick, Breda, Breslau, 
Cassel, Copenhagen, Dublin, Freyberg, Gottingen, Green¬ 
wich, Halle, Kazan, Cracow, Leipsic, Milan, Marburg, 
Munich, Naples, St Petersburg, and Upsala. 

Extensive as this plan appears, there is much yet remaining 
to be accomplished. The stations, numerous as they are, em¬ 
brace but a small portion of the earth’s sutface; and what is 
of yet more importance, none of them are situated in the neigh¬ 
bourhood of tliftse singular points or curves on the earth’s 
surface, where the magnitude of the changes may be expected 
to be excessive, and pertiaps cten their direction inverted. 
In short, a wider system *of observation is required to deter¬ 
mine whether the amount of the changes (which is found to be 
very different in different places) is dependent simply on the 
geographical *or on the magnetic co-ordinates of the place; 
whether, in fact, the variation in that amount be due to the 
greater or less distance of a disturbing centre, or to the modi¬ 
fying effect of the mean magnetic force of the place, or to 
both causes acting conjointly. In another respect also, the 
plan of the simultaneous observations admits of a greater 
extension. Until lately the movements observed have been 
only those of the magnetic declination , although there can be 
no doubt that the inclination and the intensity are subject to 
similar perturbations. Recently, at many of the German 
stations, the horizontal component of the intensity has been 
observed, as well as the declination; but the determination of 
another element is yet required, before we arc possessed of all 
the data necessary in this most interesting research. 

The magnetic observations about to be established in the 
British Colonies, by the liberality of the Government, will (it. 
is hoped) supply in a great measure thes<b desiderata. The 
stations afe widely scattered over the earth’s surface, and are 
situate^ at points of prominent, interest with regard to the 
Isodynamic and Isoclinal lines. The point of maximum 
intensity in the northern hemisphere is in Canada; the cor¬ 
responding maximum in the southern hemisphere is near Van 
Diemen’s Land; St. Helena is close to the line of minimum 
intensity ; and the Cape of Good Hope is of importance on 
account of its southern latitude. At each observatory the 
changes of the vertical component of the magnetic force will 
be observed, «fis well as those of the horizontal component and 
declination ; and the variations of the two components of the 
force being known, those of the inclination and of the force 
itself are readily deduced., The simultaneous observa¬ 
tions of these three elements will be made at numerous and 
stated periods, and we have every reason to hope that the 
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directors of the various European observatories will take part 
in the combined system. 

But interesting as these phenomena are, they form but a 
small part of the proper business of an observatory. The 
regular changes (both periodic and secular) \\xc no less im¬ 
portant than the irregular; and they are certainly those by 
which a patient inductive inquirer would seek to ascend to 
general laws. Even the empirical expression of these laws 
cannot foil to be of the utmost value, as furnishing a correc¬ 
tion to the absolute values of the magnetic elements, and 
thereby reducing them to their mean amount. 

The hourly changes of the declination have been frequently 
and attentively observed; but with respect to the periodical 
variations of the ether two elements, our information is as yet 
very scanty. The. determination of these vorations will form 
an important part of the duty of the magnetic observatories ; 
and from the accuracy of which the observations arc suscepti¬ 
ble, and the extent which it is proposed to give them, there can 
be no doubt that a very exact knowledge of the empirical laws 
will be the result. 

Witli respect to the secular variations, it might perhaps be 
doubted whether the limited time during which the observa¬ 
tories will be in operation is adequate to their determination. 
But it should be kept in mind that the monthly mean corres¬ 
ponding to each hour of observation will furnish a separate 
result; and that the number and accuracy of the results thus 
obtained may be such, as fully to compensate for the shortness 
of the interval through which they are followed. A beautiful 
example of such a result, deduced from three years’ observa¬ 
tion of the declination, is to be found in the first volume of 
Gauss’s magnetical tvork, of which a translation is published 
in the fifth number of Taylor’s Scientific Memoirs. * 

It remains to say a few words of the instrumental means 
whiel* have been adopted for the attainment of these ends. 

The magnetic instruments belonging to each observatory 
and in constant use, are, 1. a declination instrument; 2. a hori¬ 
zontal force magnetometer; 8. a vertical force magnetometer. 
These instrujnents are constructed after the plan adopted by 
Professor Lloyd in the Magnetic Observatory of Dublin. 
The magnet, in the two former, is a heavy bar, fifteen inches 
long, and upwards, of a pound in weight. In the declination 
instrument the magnet rests in the magnetic meridian, being 
suspended by fibres of silk without torsion. In the horizontal 
force magnetometer, the magnet is supported by two parallel 
wires, and maintained in a positiomat right angles to the mag¬ 
netic meridian by the torsion of their upper extremities. In 
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both instruments the changes of position of the magnet are 
read off by means of an attached eollimater having p divided 
senile in its focus. The magnetometer for the vertical force is 
a bar resting by knife edges on agate planes, and capable of 
motion therefore in the vertical plane only. This bar is 
loaded, so as to rest in the horizontal position in the mean 
state of the force; and the deviations flom that position are 
read off by micrometers near the two extrcinities of the bar. 

in addition fe these instruments, each observatory is fur¬ 
nished with*a dip circle, a transit with an azimuth circle, and 
two chronometers. Each vessel also is supplied with a similar 
equipment. Should therefore the ships be under the necessity 
of wintering in the ice,—and generally, on every occasion 
when die nature of the service may render it necessary to pass 
a considerable«interval of time in any port or anchorage,—the 
magnetometers should be established, and observations made 
with all tins regularity of one of the fixed observatories, and 
with strict attention to all the same detail#. 

The selection of proper stations for the erection of the 
magnetometers, and the extent of time which can be bestowed 
upon each, must in a great measure depend on circumstan¬ 
ces, which can only he appreciated after the Expedition shall 
have sailed. The observatory at St. Helena (the officers and 
instruments tor which will be landed by Captain Ross,) will in 
all probability,—and that at the Cape (similarly circumstanced 
in this respect) may possibly,—be in activity by tlie time the 
ships arrive at Kerguelen’s Land; which wc would recom¬ 
mend as a very interesting station for procuring a complete and 
as extensive a series of corresponding observations as the 
necessity of a speedy arrival at Van Diemen’s Land for the 
establishment of tli£ fixed observatory at that point will allow; 
taking into*consideration the possibility of obtaining during 
the intermediate voyage, a similar series, at some point of the 
coast discovered by Kemp and Jiiseoe. In the ulterior prose¬ 
cution of the voyage, a point of especial interest for the 
performance of similar observations will be found in New 
Zealand, which, according to the sketch of the voyage laid 
before us by Captain lloss, will probably be visited shortly 
after the establishment of the Van Diemen’s Land observa¬ 
tory. The observations there will have especial interest, since, 
taken in conjunction with those simultaneously making in Van 
Diemen’s Land, they will decide the important question, how 
far that exact correspondence of the momentary magnetic per¬ 
turbations which has bepn observed in Europe, obtains in so 
remote a region, between pl^ce^ separated by a distance equal 
to that between the most widely distant European Stations. 
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In the interval between quitting Van Diemen’s Land and 
returning'to it again, opportunities will no doubt occur of per¬ 
forming more than one other series of magnetometer observa¬ 
tions, the locality of which may be conveniently left to the 
judgment of Captain Ross, bearing in mind*the advantage of 
observing at stations ( as renjote as possible from both Van 
Diemen’s Land and New Zealand. 

The research for the southern magnetic pole and the explo¬ 
ration of the antarctic seas will afford, it may be presumed, 
many opportunities of instituting on land hithertC unknown, 
or on firm ice when the vessel may be for a time blockaded, 
observations of this description; ahd in the progress of the 
circumnavigation, the line of coast observed or supposed to 
exist under the name of Graham’s Land, or those oi the islands 
of that vicinity» South Shetland, Sandwich Land, and finally 
on the homeward voyage the Island of Tristan d’Ac unha will 
afford stations each of its own particular interest. 

A programme will be furnished of the days selected for 
simultaneous observations at the fixed observatories, and of 
the details to be attended to in the observations themselves as 
above alluded to. I’ll esc days will include the terms or 

stated days of the German Magnetic Association, in which, 
by arrangements already existing, every European magnetic 
observatory is sure to be in full activity. These latter days, 
which occur four times in the year, will be especially interest¬ 
ing, as periods of magnetometrical observations by the 
Expedition,when the circumstances of the voyage will permit. 
For the determination of the existence and progress of the 
diurnal oscillation, in so far as that important element can bit 
ascertained in periods of brief duration, it will be necessary to 
continue the observ ations hourly during•*the twenty-four for 
not less than one complete week. At every station where the 
magnetometers are observed, the absolute values « of the 
dip, horizontal direction, and intensity will require to be 
ascertained. t 

Sydney, for a station of absolute determinations, would be 
with great propriety selected, as there can be no doubt of its 
becoming at no distant period a centre of reference for every 
species of local determination. 

The meteorological particulars to be chiefly attended to, as a 
part of the magnetic observations, are those of the barometer, 
thermometer, wind, and especially auroras, if any. In case of 
the occurrence of the latter indeed, the hourly should at once 
be exchanged for uninterrupted observation, should that not 
be actually in operation. The affections of the magnetome¬ 
ters during thunder-storms, if any, should be noticed, though 
it is at present believed that they have no influence, 
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During art earthquake in Siberia in 1829, the direction of 
the horizontal needle, carefully watched by M. Erman, was 
uninfluenced; should a similar opportunity occur,and circum¬ 
stances permit* it should not be neglected. 

Should land ortsecure ice be found in the neighbourhood of 
the magnetic pole, every attention will pf course be paid to 
the procuring a complete and extensive serieaol magnetometric 
observations, wlpeh in such a locality would form one of the 
most remarkable'results of the Expedition. 

Electrometers. 

The Council are fully impressed with the high importance, 
of regular observations on the electrical state of the atmos¬ 
phere; but they are not prepared to suggest any means of 
effecting this desirable object, which will at all correspond 
with the present advanced state of electrical physics. At no 
distant period they hope to supply a defect which is certainly 
a reproach to science. In the meantime much valuable infor¬ 
mation might be acquired by observations of an electroscope, 
on one of the ordinary constructions connected with a lofty 
insulated wire. 

In erecting such a wire, proper precautions should be taken 
against accidents by preparing a sufficient conductor in its 
immediate vicinity, by which a communication could be at 
once opened with the ground in case of any sudden and dan¬ 
gerous accumulation of the electric fluid. • 

As a temporary contrivance, a common jointed fishing-rod, 
having a glass stick well varnished with shell lac, substituted 
for its smallest joint, njay be projected into the atmosphere. 
To the end of the^lass must be fixed a metallic wire termi¬ 
nating in ft point, and connected with an electroscope by 
means of a fine copper wire. If the wire be made to termi¬ 
nate in a spiral wrapped round a piece of cotton dippe'd in 
spirits ot wine and inflamed, its power of collecting electri¬ 
city will be sometimes doubled, but great precautions are 
necessary when this mode is employed. When the electro¬ 
scope has been charged, the nature of the electripity may be 
tested in the usual way by excited glass or sealing wax. 

The principal electroscopes which are capable of being 
employed to ascertain the electrical state of the atmosphere, 
or rather to compare its state at any given elevation with the 
state of the medium in contact with the instrument, are the 
following: • , 

I. De Saussure’s electrometer, which consists of two fine 
wires, each terminated by a small pith ball, and adapted to a 
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small metal rod fixed in the upper part of a square glass cover, 
upon one;of the faces of which a divided scale is marked, in 
order to measure the angles of deviation of the two balls: * 

2. Volta’s electrometer, formed of two straws about two 
inches long and |th of a line broad, suspended from two 
small very moveable jings adapted to metal rod: to measure 
the deviation of jhe straws* a telescope with a nonius is 
employed: 

3. Singer’s electrometer, consisting of tWo slips of &old 

leaf suspended from the rod : * 

4. Bohnenberger’s electroscope,* formed of a single strip 
of gold leaf suspended from the conducting rod between two 
dry piles, the negative pole of one and the positive pole of 
the other being ^uppermost; this arrangement has the advan¬ 
tage of indicating the kind of electricity communicated to the 
conductor. 

The observations made w ith these and similar instruments 
have demonstrated 'that in serene weather the electricity of 
the atmosphere is always positive with regard to that of the 
earth, and that it becomes more and more positive in propor¬ 
tion to its elevation above the earth’s surface; so that if an 
observer be on a mountain or in a balloon, if his conductor 
be directed downwards to reach an inferior stratum of air, his 
electroscope will indicate negative electricity; and if it be 
sent upwards into a superior stratum, positive electricity will 
be manifested. Various means have been resorted to in these 
experiments, such as connecting one of the extremities of 
the conducting wire to a kite, a small balloon, or the head 
of an arrow, the other extremity remaining attached to the 
electroscope. , 

It has been ascertained by the observations of I)e Saussure, 
Schubler, Arago and others, that the positive diectricity of 
the atmosphere is subject to diurnal variations of intensity, 
there being two maxima and tw’o minima during the twenty- 
four hours. The first minimum takes place a little before the 
rising of the sun; as it rises, the intensity, at first gradually 
and then rapidly, increases, and arrives at its first maximum 
a few hour.s after. This excess diminishes at first rapidly 
and afterwards slowly, and arrives at its minimum some 
iiours before sunset; it re-ascends when the sun approaches 
the horizon, and attains its second maximum a tew hours 
after, then diminishes till sunrise, and proceeds in the order 
already indicated. The intensity of the free electricity of 
the atmosphere has also been fgund to-undergo annual changes, 
increasing from the month of July to the month of November 
inclusive, so that the greatest.intensity occurs in winter, and 
the least in summer. t 
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In cloudy Veather the free electricity of the atmosphere is 
still positive. During storms, or when it rains or snows, the 
electricity is sometimes positive and sometimes negative, and 
its intensity is always much more considerable than in serene 
weather. The electroscope will, during the continuance of 
a storm, frequently indicate several changes, from positive 
to negative. 

The above is ^ short summary of almost all that is known 
respecting the laws of atmospheric electricity. It will be 
highly impoftant to obtain a series of observations equal in 
accuracy to those made by'Schublfr at Frankfort in 1811 and 
1812, simultaneously with ftie observations of the hygrometer, 
barometer, thermometer, &c. Combined observations at a 
number of different stations cannot fail to give us important 
information respecting the distribution of the free electricity 
in the atmosphere, and the extent and nature of the distur¬ 
bances to which it is subject; but to render the results valua¬ 
ble it will be necessary to have instruments comparable with 
each other, and this may be a difficult matter to effect.* 

Very recently a new method of investigating the electric 
state of the atmosphere has been proposed, likely to lead 
hereafter to very certain and valuable results; but it has not 
been sufficiently put iu practice to enable the Council to re¬ 
commend, at the present moment, the best form of instru¬ 
ment for making simultaneous and comparable observations, 
or the proper precautions to guide the observer in manipu¬ 
lating it. • 

For the principle of this instrument we are indebted to Mr. 
Colladon of Geneva. He found, that if the two ends of the 
wire of a galvanic multiplier, consisting of very numerous 
coils well insulated fflom each other, were bTought in contact, 
one with a l?ody positively, and the other with a body nega¬ 
tively charged, a current of electricity passes through jtlie 
wire, un^il equilibrium is restored; the energy and direction 
of this current is indicated by the deviation of the needle 
from the’ zero-point of the scale. This instrument is applied 
to the purpose of ascertaining and measuring the atmospheric 
electricity, by communicating one end of the wire with the 
earth, aud allowing the other to extend into the region of 
the atmosphere, the electrical state of which is intended to 
be compared. 


* For a fuller account of what is known respecting atmospheric electricity, 
and the mode of conducting the oDserrations, see Becquerel’s Traite at 
<’ Electridti , t. iv. pp, 78—1*25. 
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■ Thunder storms, of course, should be attended to; but it 
is of consequence also to notice distant lightning not accom¬ 
panied with thunder audible at the place of observation, 
especially if it take place many days in succession, and to 
note the quarter of the horizon where it "appears, and the 
extent which it embraces. In an actual tnunder storm, 
especial notice should be taken of the quantity of rain which 
falls, and of the fits or intermittances of its fa^ll, as correspond¬ 
ing, or not, to great bursts of lightning, as also of the 
direction of the wind, and the apparent progres^'of the storm 
with or against it.* 


Registers. 

The Register proposed by the Council may be comprised 
in two skeleton forms, which have been supplied to the mhg- 
netical observatories and to the Expedition. 

They are each calculated for one month’s observation. 
The first form is for the insertion of observations as they are 
made in their uncorrected state. It consists of 12 principal 
divisions, and is ruled across for 31 days, and for tne arith¬ 
metical convenience of casting up the sums and means of the 
quantities inserted. At the bottom of the sheet there is also 
a space provided for the hourly observations of the barometer 
and thermometers on the twenty-first day of the months 
which will be more particularly described after the explanation 
of the principal divisions. 

The outside compartments, both on the left and right of 
the sheet, are for the date of the month and the phases of 
the moon. < 

The second cofnpartmentis for the height of the barometer, 
and the temperature of the mercury for the 1:our regular 
periods of observation. t 

The third compartment is appropriated to the /lew-point 
hygrometer, and^con tains also four columns for the four daily 
observations, each of which is subdivided into three; for the 
temperature of the air, the dew-point, and the difference 
between the two. 

The fourth compartment is for the wet-bulb hygrometer, 
and is similarly divided and subdivided for the temperature of 
the dry-and wet-bulb thermometer, and for their differences. 

The fifth compartment is prepared for the maxima and 


* On these subjects the Council especially recommend the attentive 
perusal of Arago’s Notice tar le Tonnerre. 
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minima of temperature, and is divided into three. In the 
first division are to be recorded the maxima and minima of 
thermometers carefully placed in the shade and screened from 
radiation. In.the second, the maxima of a blackened ther¬ 
mometer exposed to the sun, and the minima of a thermo¬ 
meter placed in a metallic mirror, and radiating freely to the 
clear sky. The third is devoted*to occasional observations of 
the actinometcr under favourable circumstances. 

The sixth compartment is for the temperature of the sur¬ 
face-water ef the sea, or of any river in the immediate neigh¬ 
bourhood^! the observatory. • 

The seventh compartment is prepared for observations upon 
the direction and force of the wind at the four regular hours 
of registry. In the left-hand column of each division is to 
be recorded the direction of the vane, and in the right-hand 
column the height of Lind’s gauge, in tenths of an inch 
of water. # 

In the eighth compartment the amount of rain is to be 
registered once in the day; and in the ninth, the electrical 
state of the atmosphere, if possible, at the four periods, 3 
a. m., 9 a. m., 3 p. m., and 9 p. m. 

The tenth compartment is appropriated to remarks on the 
clouds, and weather generally; and in the eleventh is to be 
noted, at noon, the longitude and latitude at sea. 

On a careful review of the month’s observations, the 
maxima and minima results should have the algebraic signs 
+ and—respectively affixed. • 

The second form is devoted to the corrected results of the 
observations, and to the optical comparison together of some 
of them, by their projection upon a scale of equal parts. 

The upper half «f the sheet is vertically divided into two 
equal part#, each prepared for half the month’s observations, 
and accordingly ruled across into sixteen spaces for the daily 
observations, and two for the sums and means of the quan¬ 
tities. 'Each half is also divided into five gompartments. 

The first is for the date of the month and the phases of 
the moon. 

The second for the corrected height of the barometer at 
32® Fahr. 

The third is appropriated to the elastic force of the aqueous 
vapour corresponding to the dew-point, and which may be 
taken from Table 5, in the Appendix B. 

The fourth is for the maximum and minimum of tempera¬ 
ture, and the mean of the two # 

And the fifth for occasional remarks. 

The lower half of the sheet is also vertically divided into 
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two equal parts, each of which i9 similarly divided into 31 
columns* for the daily observations of a month; and these 
again subdivided into four, for the six-hourly observations of 
each day. The vertical lines thus formed are divided into 6 
inches j and each inch into tenths of an inck, and half-tenths, 
by horizontal lines. , 

The left-hand compartment thus ruled, is intended for the 
projection of curves of temperature; for this purpose each 
tenth of an inch upon the scale must be rd£koned a degree, 
which will be divided by the faint line into halves# 

The value of the degree may be arbitrarily fixdij, and in¬ 
serted in the margin according to Convenience. Towards the 
upper part of the scale the results of the six-hourly obser¬ 
vations should each be marked by a dot in its appropriate 
space, and the dots may be afterwards connected by a line. 

The temperatures of the dew-point, or of the wet-bulb 
thermometer, or the mean temperature, may be compared 
w'ith this primary result by projecting their curves in a similar 
way beneath it; and should the observations of these points 
be less frequent than four times in the day, the daily spaces 
may easily be divided accordingly. 

The right-hand compartment is appropriated to the projec¬ 
tion of curves of pressure, and the four daily observations of 
the barometer are to be marked by dots towards the upper 
part of the scale of inches, and afterwards connected by a 
line. Towards the lower part of the scale the elastic force of 
the vapour is to be noted, and the marks to be similarly con¬ 
nected by a line. 

On either the scale of temperature or of pressure, occa¬ 
sional comparisons may be made with results obtained at 
other stations, which, if judiciously selected, cannot fail to 
prove of high interest and importance. They should, how¬ 
ever, be laid down in pencil, or marked by a fainter line. 

At the bottom of the first skeleton form will be found a 
space prepared fqj- the 24 hourly observations of the twenty - 
first day of the month, both in their uncorrected and their 
corrected state. It is divided into four compartments for 6 
hours each*. The instruments which can with most facility be 
observed in this manner, are the barometer with its attached 
thermometer, and the dry-and wet-bulb thermometers; and 
columns are appropriated to each of these. It is desirable 
that the mean of each 0 hour should be calculated, and 
spaces have been provided accordingly for the arithmetical 
operations. • 

In casting up the sums and calculating the means , care 
should be taken in all cases to verify the results by repetition ; 
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and the Council recommend in every instance, before adding 
up the columns, to look down each to sec that n5 obvious 
error of entry (as of an inch in the barometer, a very com¬ 
mon error) may remain to vitiate the mean result. The pre¬ 
caution should also be taken of counting the days in each 
column, so as to make no mistake in the divisor. 

The skeleton forms will be interleaved with blank pages, to 
facilitate compilations and comparisons, and to afford space 
for other observations of atmospheric phenomena, which will 

S erpetualty* present themselves to those who make it their 
usmcss or tneir pleasure \o watch the changes of the weather 
on a judicious plan. Tlie Council, indeed, wish it to be 
understood, that, in the suggestions which they have offered, 
they have taken into consideration only such observations as 
are indispensafile for laying the first foundations of meteoro- 
logicaLsc.ience; some investigations of a more refined character 
they may, probably, make the subject of «i future report. 

As soon as the register of a month’s observations has been 
computed, it should be copied, and the copy carefully com¬ 
pared with the original by two persons, one reading aloud 
from the original, and the other attending to the copy, aud 
then exchanging parts,—a process always advisable whenever 
great masses of figures are required to be correctly copied. 

A copy so verified should be transmitted regularly to 
such person or public body, as, under the circumstances, 
may be authorized or best adapted to receive and discuss the 
observations. 


ACCOUNT OF THE MAGNETICAL INSTRU¬ 
MENTS EMPLOYED AND OF THE MODE OF 
OBSERVATION TO BE ADOPTED, IN THE 
MAGNETICAL OBSERVATORIES ABOUT .TO 
BE ESTABLISHED BY HER MAJESTY’S GO- 

ver'nment. 

The elements on which the determination of the earth’s 
magnetic force is usually based are, the declination, the incli¬ 
nation^ and the intensity . If a vertical plane be conceived 
to pass through the direction of the force, that direction will 
be determined when its inclination to the horizon is given, as 
well as the angle which the plane itself forms with the meri¬ 
dian ; and if, in addition to these quantities, we likewise know 
the number which expresses th fi ratio of the intensity of the 
force to some established unit, it is manifest that the force is 
completely determined. 
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For many purposes,'however, and especially ixf the delicate 
researches connected with the variations of the magnetic 
force, a different system of elements is preferable. The inten¬ 
sity being resolved into two portions in the plane of the 
magnetic meridian, one of them horizontal and the other 
vertical , it is manifest that these two components may be 
substituted for the total intensity and the inclination; while, 
at the same time, their changes may be determined with far 
greater precision. The former variables arlf connected tvith 
the latter by the relations * 

' £ * 

X = R cos 0, . Rsinflj 

in which R denotes the intensity, X and Y its horizontal and 
vertical components, and 0 the inclination; and the variations 
of 0 and R are expressed in terms of the variations of X and 
Y by the formulae: 

€f0 = |sin20^^- 


d R dX d Y 

— = cos 2 0 — -f sin 8 0 —. 

R X Y 

As the instruments destined for the observation of these 
elements (with a set of which each observatory is furnished) 
are, for the most part, novel in form, it will be useful to give 
a somewhat detailed account of their construction and various 
adjustments, before entering on the plan of observation to be 
pursued. 

Declination Magnetometer. 


Construction .—The essential part of the declination mag¬ 
netometer is a magnet bar, suspended by fihres of untwisted 
silk, and inclose^ in a box, to protect it from the agitation of 
the air. The bar is a rectangular parallelopiped, 15 inches in 
length, |ths of an inch in breadth, and £tli of an inch in thick¬ 
ness. In addition to the stirrup by which the bar is suspended it 
is furnished with two sliding pieces, one near each end. One 
of these pieces contains an achromatic lens, and the other a 
finely divided scale of glass; the scale being adjusted to the 
focus of the lens, it is manifest that the apparatus forms a 
moving collimator, and that its absolute position at any 
instant, as well as its change of position from one instant to 
another, may be read off by a telescope at a distance. The 
aperture of the lens of this collimator is inch, and its 
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focal length ubout 12 inches. Each division of the scale is 
part of an iiy n; and the coriesponding angular quan¬ 
tity is about 43 seconds. 

To the suspension thread is attached a small cylindrical bar, 
the ends of which are of smaller diameter, and support the 
stirrup which carries the magnet. The apertures in the stirrup, 
by whicfy it hangs on the cylinder, are of the form of inverted 
Y’s, so that the bearing points are invariable. A second pair 
of apertures at Vie other side of the magnet, serves for the 
purpose of dnversal; and care has been taken to render the 
lines connecting the bearing point»of each pair of Y’s parallel, 
so that there may be no difference in the amount of torsion 
of the thread in the two positions of the stirrup. The two 
pairs of apertures are at different distances from the magnet, 
in order that the line of collimation may remain nearly at the 
same height on inversal, and thus it may not be necessary to 
alter tfie length <of the suspension thread. The stirrup, and 
the other sliding pieces, are formed of gifn metal. 

For the purpose of taking out the torsion of the suspension 
thread, the apparatus is furnished with a detorsion bar, 
which (with its appendages) is of the same weight as the 
magnet. It is a rectangular bar of gun-metal, furnished with 
a stirrup and collimator similar to those of the magnet. A 
rectangular aperture in the middle receives a small magnet, 
the use of which is to impart a slight directive force to the 
suspended bar, and without which the final adjustment of 
detorsion would be tedious and difficult. 

The frame-work of the instrument consists of two pillars 
of copper, 35 inches in height, firmly screwed to a massive 
marble, base. These pillars arc connected by two cross pieces 
of wood, one at tbp top, and the other *7 inches from the 
bottom. hi the centre of the top piece is the suspension 
apparatus, and a divided circle used in determining the 
amount of torsion of the thread. A glass tube (between this 
and the’iniddle of the lower cross piece) encloses the suspen¬ 
sion ’thread j and a glass cap at top covers the suspension 
apparatus, and completes the enclosure of the instrument. 

The box is cylindrical, its dimensions being 20 inches in 
diameter by 7 inches in depth. It rests upon the marble slab, 
and encompasses the pillars; and it is so contrived as to be 
raised, when necessary, for the purpose of manipulation. 
There are two apertures in the box, opposite to each other. 
The aperture in front, used for reading, is covered with a 
circular piece of parallel gla^, attached to ,a rectangular 
frame of wood which moves in dovetails; the prismatic error 
of the glass (if any) is corrected by simply reversing the 

\ IV.—No. 2 l, April, 1810. II n 
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slider in the dovetails. The opposite aperture is#for the illu¬ 
mination of the scale. 

In addition to the parts ahovcmentioned, the instruments 
provided with a second magnet, of the same # dimensions as 
the first, to be used in measurements of absolute intensity; a 
thermometer, the bulb of which enters the box, in order to 
determine the interior temperature; and a copper ring, for 
the purpose of checking the vibrations. 

Adjustment .—The instrument having be#n placed or* its 
support, the base is to be levelled, and the wholjj then fixed 
in its place. The levelling,of the .base may conveniently bo 
performed by the aid of a plumb-line hanging in the place of 
the suspension thread; but no great precision is required in 
this operation, the chief object of which is that the suspen¬ 
sion thread may occupy the middle of the tube, and that the 
magnet may be central with regard to its support. The sus¬ 
pension thread is then to be formed, and attached lit one 
extremity to the roller of the suspension apparatus, and at 
the other to the small cylinder which is to bear the stirrup 
and magnet. Sixteen fibres* of untwisted silk are sufficient 
to bear double the load without breaking, and will be found 
to form in other respects a convenient suspension. 

These preparations being made, the adjustments arc the 
following: 

1. The sliders being placed on the magnet, the scale is to 

he adjusted to the focus of the lens, and in such a manner 
that the f centre of gravity of the sliders may be near the 
middle of the bar. The adjustment to focus has been already 
made by the artist, and the corresponding distances of the 
sliders measured ; they will be found in Table 1. „ 

2. The magnet* is to be connected yith the suspension 
thread by means of the stirrup, ami to be moved ii? the stirrup 
until it iissumes the horizontal position. This adjustment 
may* be conveniently effected by means of the image of the 
magnet, reflected fvom tlic surface of water or merctiry, the 
object and its reflated image being parallel when the former 
is horizontal. The stirrup is then fastened by its screws, and 
the magnet wound up to the desired height. As the thread 
stretches considerably at first, allowance should be made for 
this in the height. 

3. t The magnet is then removed, and the unmagnetic bar 


* Not the individual fibre of the silk-worm, but the compound fibre in the 
state in which it ts prepared fur spinning. 

f It is obvious that this step of the adjustment may precede the 1st and 
2nd, where a saving of time is important. 
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(having its Yollimator similarly adjusted) is to be attached, 
without its small maguct, and allowed to swing for several 
hours. The bar having come to rest, or nearly so, its devia¬ 
tion from the magnetic meridian is to be estimated , and the 
moveable arm of the torsion circle turned through the same 
angle in an opposite direction. The pUne of detorsion then 
coincides, approximately, with fhc magnetic meridian. 

4. Th6 magnet is then to be substituted for the unmagnctic 
bar* and the telescope being directed towards the collimator, 
the point of the scale coinciding with the vertical wire is to be 
noted when the magnet is‘in the direct and inverted positions. 
Half the sum of these readings is the point of the scale cor¬ 
responding to the magnetic axis of the magnet bar; and half 
their difference (converted into angular measure) is the devia¬ 
tion of the linfe of collimation of the telescope from the mag¬ 
netic iperidian. The telescope should be moved through tins 
angle in the opposite direction. 

5. In order to take out the remaining torsion of the (bread, 
the magnet is again to be removed, and the unmagnctic bar 
(with its small magnet attached) substituted. 'The deviation 
of this bar from the magnetic meridian should then he read 
off on its divided scale, and the moveable arm of the torsion 
circle turned through a given angle in the opposite direction. 
The deviation being again read, a simple proportion will give 
the remaining angle of torsion ; and the moveable arm being 
turned through this angle in the opposite direction, another 
observation will serve to verify the adjustment. The plane 
of detorsion then coincides with the magnetic meridian ; and 
the magnet being replaced, the instrument is ready for use. 

Observations. —The .observations to be made with this in¬ 
strument are, 1. of the absolute declination ; 2. of the 
variations*of the declination; and 3._ of the absolute in¬ 
tensity. , 

For measurements of the absolute declination each obser¬ 
vatory is furnished with a small transit instrument having an 
azimuth circle. This instrument being placed in the magnetic 
meridian of the declination instrument, the point of the scale 
coinciding with the central wire of the transit telescope is to 
be observed; the interval between this point and the point* 


* In determining this point hy the mean of two re tilings of the scale with 
the bar erect ami inverted, care must be taken to eliminate the declination 
changes which may occur in the interval of the two parts of the observation. 
The horizontal force magnetometer may be applied to the purpose of this 
elimination. But perhaps the simplest course is to take a series of readings 
as rapidly as possible, alternately in the two positions of the bar, choosing 
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corresponding to the magnetic axis of the bar, converted into 
angular measure, is the deviation (<*) of the line of collimation 
of the transit telescope from the magnetic meridian. The 
verniers of the horizontal circle being then read, the telescope 
is turned, and its central wire made to bise<?t a distant mark, 
whose azimuth (a) has been accurately determined. If a 
denote the angle read off on* the horizontal circle, it is mani¬ 
fest that the angle between the magnetic audjhe astronomical 
meridians is * 

a + « + • 

« and c being affected with their proper signs. The angle a 
is supposed to have been previously determined by the help of 
the transit instrument. 

But instead of referring the transit telescope directly to 
the magnetic meridian by means of the moving collimator, 
the same result will be obtained, and probably in a* better 
manner, by referring it to the line of collimation of the fixed 
telescope , with which the changes of the declination are 
regularly observed. I’or this purpose it is only necessary to 
employ the latter telescope as a collimator, the telescope being 
reversed in its Y supports, if necessary. A fixed collimator 
inay also be conveniently substituted for the distant mark. 
This mode of observation has the advantage of connecting 
the absolute determination directly with the regular series of 
observations; and it is manifest that it is sufficient, without 
any othei; means, to determine whether any, and what changes 
may have occurred in the position of the fixed telescope. 

The fixed telescopes, furnished to each observatory, have 
an aperture of 1 jj inches, and focal length of 14 inches. 
They should he fixed upon a stone piljar, or upon a firm 
pedestal of wood resting on solid masonry unconnected with 
the floor. 

Ill observing the declination changes the fixed telescope 
(above referred to) is alone employed. The observation con¬ 
sists simply in noting (he point of the scale coinciding with 
the vertical wire, at three successive limits of the arc of 
vibration. The three readings being denoted by a, &, c, the 
mean point of the scale corresponding to the time of the 
middle observation is 

\ (a + 2 b + c). 


for the time of observation a period when the declination changes arc slow and 
regular. By comparing each result with -the mean of the preceding and sub¬ 
sequent, and then taking the mean of all these partial means, a very accurate 
determination may be obtained. 
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This mode of observation is sufficient where the, observer is 
not limited to a precise moment of observation. 'Otherwise 
the more exact method pointed out by Gauss is to be pre¬ 
ferred. • 

The changes bf position of the scale may be converted into 
angular measure, the angle corresponding to one. division, 
being known. In general, however, this -reduction will only 
be required in £he monthly mean results. 

Before the true changes of the declination can be deduced 
from the^observed readings, it is necessary to apply a correc¬ 
tion depending upon thy, force ‘of torsion of the suspension 
thread. For supposing that tin 1 plane of detorsion has been 
brought (by the adjustments above described) to coincide with 
the magnetic meridian, it is manifest that on every deviation 
of the magnet from, that, its mean position, the torsion force 
will be brought into play; and as this force tends to bring 
back the magnet to the mean position, tly* apparent deviations 
must he less than the true. The ratio of the torsion three, to 
the magnetic directive force, is experimentally determined by 
turning the moveable arm of the torsion circle through any 
given large angle (for example S)0 ,r ), and observing the corres¬ 
ponding angle through which the magnet is deflected. Let 
it denote the latter angle, and r the former; then the ratio in 
question is, 

(I it 


F r — a 


in which G is the co-efficient of the torsion force, and F the 
moment arising froqi the action of the earth’s magnetic force 
upon the tree magnetism of the bar, the direction of the action 
being supposed to he perpendicular to its magnetic axis. The 
ratio of ’the two forces being thus found, the true declination 
changes arc deduced from the apparent, by multiplying them 
by the co-efficient ” 

G 

1 + —* 

F 


In order to obtain an exact result by the mode of experi¬ 
ment above described, it is necessary that the actual changes 
of the declination which may occur in the interval of the two 
readings, should be eliminated. The obvious method of 
accomplishing this, is to' observe the declination changes 
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simultaneously with a second apparatus. If such means, 
however, Should not be at hand, the object may be attained 
by malting a series of readings witli the vernier of the torsi mi 
circle alternately in two fixed positions (for example + 90° and 
— 90°); the mean result will be independeift of the declina¬ 
tion changes, provided the progress of these changes has been 
gradual in the interval of the experiment. 

For the purpose of determining the absolute intensity of 
the horizontal component of the earth’s magnetic force, the 
declination instrument is pro\ ided with a deflect iiitf bar , and 
a beam compass to be used fn measuring its distance from the 
suspended magnet. The mode of observation has been so 
fully explained by Gauss, in his valuable memoir entitled 
:k l n! nisi las ris (vnrstris ad laensuram a bsohilam rerocala ,'’ 
and in the first volume of the “ Result ale that it is unneces¬ 
sary to enter here into any details. . 


The following table contains the interval of die sliders of 
the collimators, corresponding to focal adjustment; and also 
the arc values of one division of the scale in each instrument, 
expressed in decimals of a minute. 


Tami,u 1. 


" No. of 
Instrument. 

Observatory. 

Interval of 
Sliders. 

Arc value of 
one division. 

I. 

' 

If. M.S. .Erebus. 

inches. 

11*70 

07*207 

n. 

Van piemen’s Laud 

•12*01 

0*7085 

in. 

Montreal. 

ll'/2 

Q7208 

IV. 

Cape of Good Hope 

1T18 

07525 

• V. 

St. Helena. 

11*90 

07108 
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Horizontal Force Magnetometer. 


The instmment employed in determining the horizontal com¬ 
ponent of the earth’s magnetic force is similar, in principle, 
to the “ bifilar magnetometer ” of Gauss. It is a magnet bar, 
suspended by two equi-distant wires, or (more accurately) by 
two portions of the same wire, the distance of whose bearing 
points is the same above and below; by the rotation of the 
upper extremities of the wire round their middle point, the 
magnet is maintained in a position at right angles to the mag-' 
netic meridian. * 
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It is maiiii'est from the nature of this suspension, that the 
weight of the suspended body will tend to bring 4t into the 
position in which the two portions of the wire are in the same 
plane throughout The moment of the directive force is 
G sin v;—v denoting the angle formed by the lines joining the 
bearing points above and below, or the deviation from tin* 
plane of detorsion; and G being expressed by the formula 


a* 


G =«■—; 
l 


in which ic denotes the weight of the suspended body, a half 
the interval of the wires, and / their length. The earth’s 
•magnetic force , on the other hand, tends to bring the mag¬ 
netic axis of the bar into the magnetic meridian with the force 
F sin u; in which n is the deviation of the magnetic axis 
from the meridian, ami F is the product of the horizontal part 
the earth’s magnetic force into the momcfil of live magnetism 
of tile bar. The magnet being thus acted on by two forces, 
will rest in the position in which their moments are equal 
When the instrument is so adjusted that u -=. 00 , or the 
magnet at right angles to the magnetic meridian, 

F G sin r ; 


and the ratio of die forces is known, when we know the angle 
r. Hut as one of these forces is constant, and the other 
variable, it is evident that the place of the magnet will vary 
around its mean position, and that the \ aviations of angle, are 
connected with the variations of the force. This connexion is 
expressed by the formula 

d F = F cotan v . d a; 

•» 

the angle d u being expressed in parts of radius. 

Construction .—The magnet bar is of the same, dimensions 
as that of the declination instrument. The collimator, by 
which its changes of position arc observed, is attached to the 
stirrup, and has a motion in azimuth. The suspending wire 
passes round a small grooved wheel, on the axis of which the 
stirrup rests by inverted Y’s; and the instrument is furnished 
with a series of such wheels, whose diameters increase in 
arithmetical progression, (die common difference being 
about ^jth of an inch,) for the purpose of varying the interval 
of the.wires. The exact intervals, corresponding to each 
separate wheel, have been determined by the artist by accurate, 
micrometrical measurements j they are given in Table I IT. 
The same interval is altered, at the upper extremity, by 
y.means of tw r o screws (one right-handed and the other left- 
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handed) cut in the same cylinder; the wires beinjf lodged in 
the intervals of the threads, and their distance regulated by a 
micrometer head. The interval of the threads of this screw 
(which is precisely the same for all the instruments) is 7 V^ 1S » 
or *0*2507 of an inch. The micrometer head* is divided into 
100 parts ; and, as on# revolution of the head corresponds to 
l(co threads of the screw, a single division is equivalent to 
*0005194, or the * c Wh of an inch nearly. The micrometer 
head has been carefully adjusted by the artist, so that the 
index is at zero, when the interval of the wires is cflractly half 
an inch. * • * 


The collimator, in this instrument, is enclosed in a light 
tube attached to the stirrup. The aperture of the lens is 
about Truths of an inch, and its local length about 8 inches. 


The divisions of the scale are the same as in the collimator 


of the declination magnetometer; the corresponding are values 
have been ascertained for each instrument by accurate expe¬ 
riment, and are given in Table II. 

The larger parts of this apparatus,—the box, the framework, 
and the support,—arc precisely similar to those of the declina¬ 
tion magnetometer. In addition to the parts already described, 
the instrument is furnished with a spare; magnet; a brass 
weight, required in determining the plane of detorsion of the 
wires relatively to the magnetic meridian; a thermometer, the 
hull) of which is within the box, for the purpose of ascertain¬ 
ing the interior temperature; and a copper ling used in 
checking the vibrations. 

Adjustments .—The instrument being placed on its support, 
the base is to be levelled, and the whole apparatus fixed. 
Having then selected one of the surill grooved wheels, and 
fixed it, temporarily, with its axis horizontal, the wire is to 
be passed round it; and the free extremities of tin wire being 
passed through the corresponding holes in the suspension 
roller, placed beneath, weights are to be attached, and the 
two portions of the wire allowed to assume, their natural posi¬ 
tion ; the extremities may then be fastened to the roller, by 
introducing small wooden plugs in the holes. The parts are 
then to be inverted, and put in their proper places ; the sus¬ 
pension apparatus resting on the divided circle, and the wire 
hanging down the tube. 

The collimator (its scale having been previously adjusted 
to focus*) is to be screwed on to the stirrup, and the latter 
attached to the axis of the grooved wheel by means of its 
Y’s. The magnet is then introduced into the stirrup and 


t This adjustment has been already made by the artist. 
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levelled'; ahd the wires wound upon the roller, until the colli¬ 
mator is at the desired height. > 

•These preparations being made, the adjustments are the 
following: * 

1, Determine experimentally the angle through which it is 
necessary to turn the moveable arm of,,the torsion circle, in 
order to deflect the magnet from the magnetic meridian to a 
position at right angles to it, the two positions being merely 
estimated . The cosine of this angle is, approximately, the 
ratio of the magnetic force to the torsion force, or the value 


J? • 

of the fraction-^. The nearer this ratio is to unity, the 


more delicate Mali be the instrument; practically, will be 
found a convenient value. -If, on making the foregoing 
experiment, the ratio should be found to fell below, or to 
exceed the proper limits, the torson force must be altered by 
introducing a different wheel, and making the corresponding 
alteration in the interval of the upper extremities of the 
wires. 

2. The magnetic axis being brought, approximately, into 
the magnetic meridian, by turning the moveable arm of the 
torsion circle, the collimator is to be turned, by its independent 
motion, until some point about the middle of the scale coin¬ 
cides with the vertical wire of the fixed telescope. This point 
of the scale is to be noted in the usual manner. 

3. The magnet is then to be removed, and the brass weight 
attached. Note the new point of the scale which coincides 
with the wire of the telescope. Then, if the magnet had been 
placed (in the previous experiment) in its direct position (i. e. 
north to north) the* error of the plane of de«nrsion is 



v being the difference of the two readings, converted into 
angular measure. If, on the other hand, the magnet had been 
reversed (i. e. north end to south) the error is 

The moveable arm of the torsion circle is then to be turned 
through this angle, in the opposite direction ; and the mag¬ 
netic axis will be in the magnetic meridian. 

* The difference of the two readings, corresponding to a 
given error, being much greater in the reversed than in the 
Vol. IV.—No. 24, April, 1840. 1 i 
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direct position of the magnet, it follows that the former 
affords a much move delicate method of making the desired 
adjustment. 1 

4. The brass weight remaining attached, turrf the moveable 
arm of the torsion circle through 90°. Then turn back the 
collimator, until some point .about the middle of the scale 
coincides with the vertielc wire of the fixed telescope; and 
note the reading. 

5. Now remove the brass weight, and replace the magnet. 
The magnetic force of the earth will bring it back towards the 
magnetic meridian, and the scale will be thrown out of the 
field of the telescope. Then turn the moveable arm of the 
torsion circle until the point of the scale last noted is brought 
to coincide again with the wire of the telescope; the magnetic 
axis is then in the plane perpendicular to the magnetic meri¬ 
dian, and the adjustment is complete. 

Observations .—The observations to be made with this 
instrument are those of the absolute value of the horizontal 
intensity , and its changes. 

From the explanation of the principle of the instrument, 
given above, it is manifest that it will serve to determine the 
moment of the force exerted by the earth upon the free 
magnetism of the suspended bar. Let X denote (as before) 
the horizontal part of the earth’s magnetic force; m the 
moment of free magnetism of the bar; then 

m X = F, 

F having the same meaning as before (page 230.) lienee, 
substituting the values of F and G> wc have 

<f> * * 

m X = w — sin v; 
l 

c , C 

in which equation all the quantities of the second member 
may be obtained by direct measurement. The chief difficulty 
in this method consists in the determination of the quantity a t 
which should be known to a very small fractional part of its 
actual value. This difficulty lias been overcome by the measur¬ 
ing apparatus connected with the suspension, which (as has 
been already stated) senes to determine the inten r al of the 
wires, at tlieir upper extremity, to the ^Virth of an inch. The 
numbers given in Table III. for the lower interval, may be 
relied on to the same degree of accuracy. It is scarcely 
necessary to mention that the length ‘of the wires, l, is to be 
measured between the points qf contact above and below. * 

The product of the earth’s magnetic force into the magnetic 
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moment of the bar being thus known, the ratio of the same 
quantities is to be determined by removing the b$r from the 
Stirrup, and using it to deflect the suspended bar of the 
declination instrument, according to the known method 
devised by Gauss. The experiments of deflection may, 
however, be performed without the aid of the second magne¬ 
tometer, by operating upon another bar placed in the reverse 
position. This method has even the advantage in point of 
delicacy; but It labours under the disadvantage of requiring 
that the value of p 

e should be determined for the second bar. 

The chief use of this apparatus is in observing the variations 
of the intensity. In these observations it is f only necessary to 
note, at any moment, the point of the scale coinciding with 
the vertical wire of the fixed telescope, the mode of observing 
being precisely th^same as in the other instrument. Let n be 
the number of divisions, and parts of *a division, by which 
the reading at any moment differs from its mean value; then 
the corresponding variation of the angle (in parts of radius) is 

d n = n a; 

a denoting the arc value (in parts of radius) corresponding to 
a single division. Substituting this in the formula of page 
459, we have 


AY 

F' 


n a cotan v — 


k n; 


k being the value of the constant co-efficient a cotan v. The 
values of a have b^en determined lor each of the instruments, 
and are given in Table 11. 

The quantity F. in the preceding formula, is the product of 
the earth’s magnetic force into the moment of free magnetism 
of the'bar; and as the latter quantity varies with the tempe¬ 
rature, it is necessary to apply a correction, before wc can 
infer the true changes of the earth’s force. This correction 
is easily deduced. Since F = X m, there is 


d F dX dm 



so that the correction to be applied, in order to deduce the 

value of d X . dm T ± j > at. ±. * • 

—, is— —. , Let t denote the temperature, in 
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degrees of Fahrenheit; q the relative change of tlfe magnetic 
moment corresponding to one degree; then 

i- 

dm 

- — q{t — 82). <• 

, « 

Accordingly, the changes of the earth's force will be expressed 
by the formula / < 

rfX 

— == kn *+* q (<--32). r 


It is not necessary that these reductions should be applied to 
the individual results,, except in cases of marked change, 
where it is desired to trace the progress of the actual phenome¬ 
na. The results should be recorded as* they are observed, 
in parts of the scales and the reductions made in the monthly, 
or other mean values. 


Table II. contains the arc values of one division of the 
scale, in each instrument, expressed in decimals of a minute ; 
as also the same quantities reduced to radius , as the unit by 
multiplying by the number ‘0002909. 

Table III. contains the intervals of the axis of the wires 
corresponding to each wheel, in decimals of an inch; 
the wire used being that designated in commerce as “ silver 
fine 6.” 


Table II. 


c 

No. 'of 
Instrument. 

Observatory. 

Arc values of one division. 

In Minutes. 

In parts of Radius. 

I. 

H.M.S. Erebus .... 


*0003127 

II. 

V anDiemen’sLand 


‘0003142 

IIT. 

Montreal. 

1*074 

*0003124 

IV. 

Cape of GoodHope 

1*084 

*0003153 

V. 

St. Helena. 

1*080 

*0003142 
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Table III. 


. t -- 

No. of 
Wheel. 

* 1 . 

II.R&S. 

Erebus. 

II. 

Van Diemen's 
Land. 

III. 

Montreal 

IV. 

Cape of Good 
Hope. 

V. 

St. Helena. 

1 

•2536 

•2549 

*2529 

’2542 

*2536 

• 2 

•3t>32 

*3058 

*3055 

•3055 

*3065 

3 

» -3529 

*3516 

*3529 

*3497 

*3513 

4 * 

•4058 

•4088 

*4078 

■4052 

•4071 

5 

•4562 

•4655 

■4581 

•4555 

*4545 

C 

•5055 

•5071 

•5042 

•5055 

•5058 

7 

•5555 

*5604 

•5588 

^565 

*5591 

8 

•6071 

•6071 

■6071 

•6097 

•6081 


Vertical Force Magnetometer. 


The instrument used in determining the changes of the verti¬ 
cal component of the magnetic force is a magnetic needle 
resting on agate planes, by knife edges, and brought to the 
horizontal position by weights. From the changes of position 
of such a needle, the changes of the vertical force may be 
inferred, when we know the mean inclination at the place of 
observation, the azimuth of the plane in which the needle 
moves, and the angle which the line connecting tln$ centre of 
gravity and centre of motion makes with the magnetic axis. 
As, however, the determination of this latter constant would 
involve the necessity of considerable additions to the appara¬ 
tus. the plan adopted has been to adjust the needle so that the 
angle in question sliall be nothing. The centre of gravity 
being thus brought to some point of the magnetic axis, the 
changes of the vertical force are connected with the changes of 
the position of the needle by the formula. 


3F 

F 


cos a. cotan . 6 d £ 


d £ denoting the change of angle in parts of radius, a the 
azimuth of the plane in which the needle moves, and 0 the 
inclination. 

Construction .—The magnetic needle is 12 inches in length. 
It has a cross pf wires at each extremity, attached by means 
of a small ring of copper; the interval of the crosses being 
13 inches. The axis of the needle is formed at one part into 
a knife edge , and at the opposite into a portion of a cylinder , 









466 Instructions for the Scientific 

having this edge for its axis, the edge being adjusted to pass 
as nearly, as possible through the centre of gravity of the 
unloaded instrument. The weights by which the other 
adjustments are effected are small brass screws moving in fixed 
nuts, one on each arm ; the axis of one of* the screws being 
parallel to the magnetic axis of the needle, and that of the 
other perpendicular to it. 

The agate planes upon which the needle rests arc attached 
to a solid support of copper, which is firmhjf fixed to a mas¬ 
sive marble base. In this support there is a provision for 
raising the needle off the planes, the contrivance fcfl* effecting 
this object being similar to that employed in the inclination 
instrument. The whole is covered with an oblong box of 
mahogany, in ope side of which are two small glazed aper¬ 
tures, for the purpose of reading; the opposite side of 
the box is covered with plate glass. A thermometer, within 
the box, shows the temperature of the interior air; and a 
spirit level, attached to the marble base, serves to indicate 
any change of level which may occur in the instrument. 

The position of the needle at any instant is observed by 
means of two micrometer microscopes, one opposite each end. 
These miscroscopes are supported on short pillars of copper, 
attached to the base of the instrument# They are so adjus¬ 
ted that one complete revolution of the micrometer screw 
corresponds to 5 minutes of arc. The micrometer head is 
divided into 50 parts; and, consequently, the arc correspon¬ 
ding to a. single division is 0*‘l. 

In addition to these parts, the apparatus is provided with a 
brass bar of the same length as the magnet, (furnished like it 
with cross wires at the extremities, and knife-edge bearings,) 
for the purpose of* determining the zero joints of the micro¬ 
meters; a brass scale, divided to 10', used in adjusting the 
value of their divisions; and a horizontal needle, to be em¬ 
ployed in determining the azimuth of the vertical plane in 
which the needle moves. 

Adjustments .—The following are the adjustments required 
in this instrument: 

1. The instrument being placed on its support, in a suita¬ 
ble position with respect to the other two instruments, the 
azimuth of the plane in whichjthc needle is to move may ^be adjus¬ 
ted in the following manner. The plane is made to coincide, 
in the first instance, with the magnetic meridian, by means of 
the horizontal needle which moves upon a pivot fixed to the 
top of the scale. A small theodolite Tor other instrument for 
measuring horizontal angles) is then placed on the base; and 
its telescope brought to bear on a distant mark. The teles- 
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cope should then be moved through a horizontal angle equal 
to the intended azimuth of the instrument, but in an 1 opposite 
direction. The base of the instrument is next to be turned, 
without disturbing the theodolite, until the mark is again 
bisected by the wires of the telescope: it is then in the 
required azimuth. The base should then be levelled, and 
permanently fixed. . 

2^ The microscopes should now be adjusted, I. to bring 
the image of the cross wires of the needle to coincide with 
the wirc^ * of the microscopes; and 2. to make the arc 
value of the interval of tlfe wires? corresponding to one revo¬ 
lution of the micrometer head, exactly equal to five minutes*. 
These arrangements have been nearly effected in the first 
construction of the instrument; for the purpose of comple¬ 
ting the adjustment, the microscopes are capable of a double 
motion, one of the entire body of the instrument, and the 
other of the object glass alone. It is manifest that these two 
movements are sufficient to effect both adjustments. The 
former is attained when the cross of wires is seen distinctly (and 
without parallax) at the same time that the microscope wires 
are exactly in the focus of the eye-piece; the latter is accom¬ 
plished when the moveable wire of the microscope is made to 
pass over a given number of divisions of the scale, by double 
the number of complete revolutions of the micrometer head. 

3. The fixed wires of the microscopes are then to be adjus¬ 
ted to the same horizontal line. This is effected by means of 
the brass needle. This needle being placed upon the agate 
planes, by its knife edges, and allowed to come to rest, it is 
manifest that the line joining the cross wires will be horizon¬ 
tal, provided it be perpendicular to the line joining the centre 
of gravity and the axis. To effect this latter adjustment, the 
needle (a great part of whose weight is disposed below the 
knife edge) is furnished also with a small moveable we ; ght. 
The test of the adjustment is similar to that of the correspon¬ 
ding adjustment of the ordinary balance. The moveable 
wire of one of the microscopes being brought to bisect the 
cross, if the adjustment is complete, it will bisect the cross 
at the other extremity upon reversal; if not, the' position of 
the needle will indicate in what manner the weight is to be 
moved. 




* This adjustment is by no mesuis a necessary one. It is sufficient for all 
purposes if the arc value corresponding to one revolution of the micrometer 
be accurately known. 
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A horizontal line being thus obtained, the fixed wires of 
the microscopes are to be adjusted to it, by moving the cap¬ 
stan-headed screws with which they are connected. 

4. The last adjustment is that of the magnetic needle 
itself. This adjustment is twofold: 1. of tfie needle to the 
horizontal position; and 2. of the centre of gravity of the 
needle to tne magnetic axis. To effect this double adjust¬ 
ment the needle is furnished with two moving ^eights, one on 
each arm. These weights (it has been already stated) # are 
screws moving in fixed nuts, one in a direction parallel to the 
magnetic axis of the needle,* and the other in a direction at 
right angles to it. By the movement of the former the needle 
is brought to* the horizontal position; and by that of the 
latter, the centre'of gravity is made to coincide with the mag¬ 
netic axis. The latter part of the adjustment is tested by 
inverting the needle on its supports; the inclination of the 
needle should not he altered by this inversion when the 
adjustment is complete. 

Observations. —In observing the variations of the vertical 
force with this instrument, it is only necessary to bring the 
moveable wire of each micrometer to bisect the opposite cross 
of the needle; unless in seasons of disturbance, the needle 
will be found at each instant to have assumed its position of 
equilibrium. The interval between the fixed and moveable 
wires, expressed in angular measure, is the deviation of the 
needle of the horizontal position; and the changes of the 
vertical fdree are thence obtained by multiplying by a con¬ 
stant coefficient. 

If n denote the number of minutes, and parts of a minute, 
in the observed angle of deviation, the changes of the force 
are expressed (as in the case of the otho. component) by the 
formula. J 


dV h . 
-— « n; 

• * 

in which the constant coefficient is 


k = cos a contan 6 sin 1'. 

The quantity F in the preceding formyla is the product of the 
vertical component of the earth’s magnetic force multiplied 
by the moment of free magnetism of the needle; or 

F — m Y. 

■ Accordingly the results thus deduced require a correction for 
the effects of temperature upon the quantity m. This correc- 
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tkm is similar to that applied to the horizontal intensity ; anil 
the corrected expression of the changes of the vertical com¬ 
ponent is accordingly 
„ . 1 V 

“l^kn+qfl— 32); 

where t denotes the actual temperature' (in degrees of Fah¬ 
renheit) at the time of observation, and q tlie relative change 
ofj the magnetic moment of the needle corresponding to one 
decree.* As in the case of the other instruments, however, 
it is not in general necessity to apply these reductions to the 
individual results. » 

Times of Observation. 

The objects' of inquiry in terrestrial magnetism may he 
naturally classed under two heads, according as they relate, 
1. to the absolute values of the magnetic elements at a given 
epoch, or their mean values for a given period; or ’2. to the 
variations which these elements undergo from one epoch to 
another. It will be convenient to consider separately the 
observations relating to these two branches of the subject. 

Absolute Determination's. 

By the method of observation which has been suggested 
for the absolute decimal ion, every determination of tin* posi¬ 
tion of the declination bar is rendered absolute. We have 
only to consider the varying angle between the magnetic axis 
of the bar and the lino of collimation of the fixed telescope, 
as a correction to be applied to the constant angle (already 
determined^ between the latter line and the meridian. It is 
manifest that if the Jixiti/ of the line of collimation-of the 
telescope could he depended on, a single determination of the 
latter angle would be sufficient. But this is not to be trust- 
Cd for any considerable period; and it ".ill he therefore 
necessary, from time to time, to refer the line of eollimalimi 
of the telescope to the meridian, by means of the transit 
instrument. This observation may he repeated onle a month, 
or more frequently if any change in the position of the tele¬ 
scope be suspected. 

In the case of the intensity, there is another source of error, 
(besides that due to a change in the position of the instru¬ 
ments) which can only be guarded against by a repetition of 
absolute measurements. The magnetic moment of the mag¬ 
net itself may alter ; and the observations of intensity changes 
Vol. IV.—No. 24, April, 1840. K k 
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afford no means of separating this portion of the Effect from 
that due to a change in the earth’s magnetism. This separa¬ 
tion can only be effected by means analogous to tho^e 
employed in the determination of the absolute value of the ’ 
horizontal intensity; and accordingly one or other (or 
both) of the method^ proposed for this determination should 
be occasionally resorted to. It is desirable that this observa¬ 
tion should be repeated once in every month ; and there 
frequently, whenever the changes observed v^ith the horjeon- 
tal force magnetometer indicate, by their progressive 
character, a change in the magnetic moment of* the sus¬ 
pended bar. • 

It would be easy, in theory, to devise a method by*which 
the vertical force magnetometer might be made to serve in 
determining the absolute value of the vertical intensity. The 
means which at present offer themselves appear, however, to 
be surrounded with practical difficulties ; and it seems safer to 
deduce this result indirectly. From the formula? given in 
page 452, we have 

Y — X tan 0; 

so that if the inclination 0 be known, and the horizontal 
intensity X determined in absolute measure, the vertical inten¬ 
sity Y is inferred. 

For the purpose of observing the element 0, each observa¬ 
tory is furnished with an inclination instrument, the circle of 
which is inches in diameter. The observation should be 
made in an open space, sufficient! \ remote from the, magnets 
of the observatory,and from other disturbing influences ; and 
a series of measures should be taken simultaneously with the 
two intensity magnetometers, for tli< f purpose of eliminating 
the changes of the inclination which m.1V occur ip the course 
of the observation. As to the mode of observation, the best 
seems to be the usual one, the plane of tlie circle coinciding 
with the magnetic meridian ; but for tlie purpose of touting the 
axles of the need+cs, and the divided limb of the instrument, 
it is desirable that some observations should be made in 
various azimuths ,—for example, every 30° of the azimuth 
circle, commencing with the magnetic meridian. The inclina¬ 
tion is then inferred, from each pair of corresponding results, 
by tlie formula 

cotan- 9 — cotan 2 £ + cotan 2 V ; 

K and K! being the observed angles of inclination in two planes 
at right angles to one another. Where the inclination is great 
(as at Montreal,) this method will serve to test only a limited 
portion of the circumference of the axle and limb. In this 
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ease the best course appears to be that pointed out by Major 
S&bine,* namely, to convert one of the needles, temporarily, 
lfip a needle on Mayer's principle, by loading it with sealing¬ 
-wax; and to deduce the inclination, from the angles of 
K position of the loUdcd needle, by the known formula of Mayer. 
The observations here suggested having been very carefully 
made, and the inclination changes eliminated in the manner 
above explained the observed difference between the mean 
. andThc result bbtained in the magnetic, meridian , should be 
applied as *a correction for the errors of axle and limb to all 
future observations made in the meridian. 

■ These observations shotild be made at the same periods as 
. those’ of 4 the absolute horizontal intensity, 

•Vahiation of the Elements. 

The variations of the magnetic elements are, 1. Those 
variations whose amount is a function of frte hour angle of the 
sun, or of his longitude ; and which return to their original 
values at the same hour in succcssi\c days, or the same 
season in successive years. These, from their analogy to the 
corresponding planetary inequalities, may be denominated 
periodical. 2. The variations, which are either, continually 
progressive , or else return to their former values in long and 
unknown periods ; these may in like manner he denominated 
secular. 3. The irregular variations, whose amount changes 
from one moment to another, and which observe (apparently) 
no law. 

The periodical variations (with the exception of those of 
the declination) have hitherto been little studied; and, even 
in the ease of the sjyglo element just mentioned, the results 
have scarcely gone beyond a general indication of the hours 
of maxima and minima, and of the changes of their amount 
with the season. The subject, is nevertheless of the highest 
importance in a theoretical point of view. The phenomena 
depend, it is manifest, on the action of sol&r heat, operating 
probably through the medium of thermo-electric currents 
induced on the earth’s surface. Beyond this rude guess, 
however, nothing is as yet known of the physical cause. It 
is even still a matter of speculation whether the solar influ¬ 
ence be a principal , or only a subordinate cause, iii the 
phenomena of terrestrial magnetism. In the former case, the 
periodical changes are to be regarded as the effect only of the 

- — - 


* Reports of the British Association , vol. vii. p. <aL 
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variations of that influence; in the latter, they must be 
considered as its entire result, the action in this case only 
serving to modify the phenomena duo to some more potent 
cause. It may he fairly hoped that a diligent study of this 
class of phenomena will not only illustrate this and other 
doubtful points in the physical foundation of the science; but 
also, whenever that physical cause shall come to be fully 
known, and be made the basis of a mathematical theory, the 
results obtained will serve to give to the latter a numerical 
expression, and to test its truth. Even the knowledge of 
the empirical laws of the hourly and monthly fluctuations 
must prove a considerable accession to science ; and (as one 
ot its more obvious applications) will enable the observer to 
reduce Ins results, as fur as this class of changes is con¬ 
cerned, to lijeir nn“(in values. 


For the complete determination of the hourly and monthly 
changes ot the magnetic elements, a persevering and labouri- 
ous system ol observation is requisite. The irregular changes 
are so frequent, and often so considerable, as (partially at 
least) to mark the regular; and the observations must bo 
long continued at the same hours, before we can be assured 
that the irregularities do not sensibly affect the mean results. 
Again, in a theoretical point of view, the nocturnal branch 
of the curves by which the periodical changes are represented 
is quite as important as the diurnal; ami it is manifest that 
nothing can be done towards its determination without the 
co-operation of a number of observers. At each of the 
observatories about to be founded by the liberality of Her 
Majesty’s Government, there will be three assistant observers 
placed under the command of the director; and it is intended 
that the observations shall he taken everj two hours through¬ 
out, the twenty-four. In order that this series of observations, 
wliiyh is especially destined for the determination of the 
periodical changes, may at the same time cast soipe light 
upon the irroguky movements, it is proposed that they shall 
he simultaneous at all the observatories. The hours which 


have been agreed upon are the even hours (0, 2, 4, 6, &c.) 
Go/tingen mean time. It is likewise intended that one ob¬ 
servation of the twelve shall be a triple observation, the 
position of the magnets being noted Jive minutes before and 
after the regular hour. The time of this triple observation 
will be 2 p.m., Gottingen mean time. 

The barometer, and the wet and dry thermometers, will 
be registered at each of thq twelve magnetic hours. No 
observation will be taken on Sunday. 

No distinct series of observations is required for the deter- 
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urination of the secular variations. In the ease of the decli¬ 
nation, the yearly change will be obtained by a comparison 
of the monthly mean results (for the same month and same 
hour) in successive years. The observations of two years 
only will thus furnish 144 separate results, from which both 
the periodical and the irregular changes are eliminated; so 
that great precision may be expected in the final result, not¬ 
withstanding the limited period of observation. The same 
mode of reduction will apply to the two components of the 
intensity „ provided that no change shall have taken place in 
the magnetic moment of’the bars employed. In the latter 
event, recourse must be "bad to the absolute determinations 
for a knowledge of the secular changes. 


The subject of the irregular movements' has acquired a 
prominent, and almost absorbing interest, from the recent 
discoveries of Gauss. It has been ascertained that the 
resultant direction of the forces, by which the horizontal 
needle is actuated at a given place, is incessantly varying, the 
oscillations being sometimes small, sometimes very considera¬ 
ble:—that similar fluctuations occur at the most distant parts 
of the earth’s surface, at which corresponding observations 
have been as vet made; -and that the instant of their occur- 
rence is the same every where. The intensity of the 
horizontal force has been found subject to analogous per¬ 
turbations. 

For the full elucidation of the laws of these most interesting 
phenomena, it is of the first importance that the stations of 
observation should he separated as widely as possible over the 
earth’s surface, and that their positions should be chosen near 
the points of maxima mid minima of the magnetic elements. 
This has been in a gre&t, measure accomplished as regards the ob¬ 
servatories about to he founded by Her Majesty’s Government. 
The stations are wide asunder in geographical position, mud 
they ar«. in the neighbourhood of points of prominent interest 
in reference to the isodynamic lines. The results of observa¬ 
tion at these stations will soon testify whether the shocks to 
which the magnetic needle is subject, are of a local or of a 
universal character as regards the globe; and in either event 
we may expect that they will furnish information of great value 
(in reference to a physical cause) as to the magnitude of the 
phenomena in different places, and the elements on which it 
depends. 

In the observations destined to illustrate these phenomena, 
it is proposed to follow, as nearly as possible, the plan laid 
down by Gauss. One day in each month, namely, the last 
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Saturday , will be devoted to simultaneous observations on 
this system; the observations commencing at 10 v.m. of 
the preceding eve (Gottingen mean time,) and continuing 
through the 24 hours. • 


LXIX. — On Electro-Magnetic Forces. By J. # P. Joule, Esq. 

• 

1. About the commencement of last April, I tryide some 
experiments in electro-magftetism, 'which I had the pleasure 
of communicating to the readers this excellent work, in 
two letters to the Editor, dated on the 28th of May, and on 
the 10th of Juty. I am desirous of making some additional 
observations on that subject, especially as subsequent expe¬ 
rience lias enabled me to place in a more correct view some 
of the effects I thou witnessed. 

2. I have shown* that \\ hen a current of voltaic-electricity 
is transmitted through the coils of two electro-magnets, their 
mutual attraction is in the ratio of the squares of the quantities 
of electric force: and also that the lifting power of the 
“ horse-shoe” electro-magnet is governed by the same law. 

3. I have recently made experiments which prove that the 
attraction of the electro-magnet, for a magnet of constant 
force, varies in the simple direct ratio of the quantity of 
electricity passing through the coil of the electro-magnet. 
(In order to succeed, it is necessary to guard against the 
effects of induction by a proper arrangement of the apparatus.) 

4. Magnetism appears therefore to be excited in soft iron, 
in the direct ratio of the magnetising electric force; and 
electro-magnetic Attraction, as well as vhe attraction of steel 
magnets, may be considered as proportionate tef the product 
of the intensities of each magnet, or, which is ^hc same 
thing, to the number of lines which may be drawn^between 
the several magnetic particles of the attracting bodies. 

5. This view is illustrated by figs. 1, 2, and 3, Plate XI. 
where the several attractions of the magnetic particles, viz. I to 
1, 2 to 1, dnd 2 to 2 arc represented by the number of lines 
drawn in each instance, I, 2, and 4. 

(i. I have recently understood, that the Russian philoso¬ 
phers Jacobi and Lenz, have arrived by their experiments, at 
some of the same conclusions with regard to the laws of 

■ 

* Vol 4, page 194—130. 
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electro-magnetic attraction. I have not road their papers, 
but shall he most happy if they shall be found to 'confirm the 
results of my observations. 

7. Fig. 4, will perhaps illustrate, with a considerable 
degree of accuracy, the complex action of the forces which 
constitute the aggregate attraction which exists between two 
magnets, for instance, A. and B. The magnetic, particles 
of which six only a , b , c , d, e, f are drawn, may be concchcd 
tobo-of an indefinitely large number spread throughout the 
region of the “ poles;” and the several forces are represented 
by the straight lines drawn, been those particles. 

8. If this view bo correct, it is obvious that the closer the 
approximation of the magnetic particles in each system, the 
greater will be the magnetic attraction ; for-in that case the 
particle a will‘both be nearer the particle /, and the force 
exerted between them will be in a less oblique direction. 

9. It was in consequence of my entertainment of a differ¬ 
ent hypothesis, that I was led to imagine that I had detected 
a decrease of power on increasing the length of the electro¬ 
magnet; in Vol. 4, page 130 and 137, is a comparison of 
the powers of three electro-magnets of the several sizes, 
it tt a,K l 'i t> an inch square, with those of two whose 
sectional areas were respectively, one inch square, and one 
inch by 2 inches. It is probably in a great measure the 
consequence of the principle, (7) that the mean power of the 
latter, was found to be less than that of the former, in the ratio 
of 7000 to 1064(3; and this observation is further-corrobo¬ 
rated by the fact, that, of the long electro-magnets the less 
powerful has the move extended “pole.” It would, however, 
be a matter of no difficulty to determine the inflenee of length 
on magnetic conduction* 

10. Hence also a correction should be applied to the attrac¬ 
tions of tjhe larger electro-magnets* in order fairly to compare 
their respective powers with those of smaller dimensions. I 
will not venture to decide its amount, as that will be entirely 
dependant upon the distances of the polar particles, (7), from 
the ends of the electro-magnets; if J were added to the 
attractions opposed to Nos. 5, they would 1 think, be placed 
in pretty correct comparison with Nos. 1. 

11. These corrections are not however of sufficient amount 
to affect the general conclusion to which I have come, with 
regard to the laws under which magnetic attraction, (as appli¬ 
cable to the production of motive force,) is developed by 
electricity, viz.: That the attraction of two electro-magnets 


* Annals Vol. 4, page 133. 
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towards each other, is in every case represented by the formula 
M — JV 2 E 1 , where M, denotes the magnetic attraction, 
IV, the length of wire , a,A E the quantity of electricity 
conveyed by that wire in a given period of time ; a formula 
modified merely by the effects, of saturation, of the eon-* 
ducting power of iron, and of the distance of the coils from 
the surface of the iron. 

12. L have observed, that magnetic and electro-magnetic 
attraction decreases, in certain cases, in the simple ratio of 
the distances. This was found to be particularly the case 
when the magnets were long, and the distances between them 
small. Mr. Harris has observed ,the same effect, see his 

Experimental Inquiries concerning the laws of Magnetic 
Forces.” It may, be principally accounted for by the complex 
action previously illustrated. It is impossible,to doubt that 
the law of magnetic attraction is inversely as the squares of 
the distances. 

13. I shall now in accordance with my promise enter into 
the detail of some experiments with the electro-magnetic 
engine described in the “Annals” for October, 1839; and 
first it will he proper to describe the apparatus I had occasion 
to use. 

14. The galvanometer was constructed on the plan which 
was described in pages, 131 and 132, of the present volume. 
The coil is rectangular, 12 inches long and 6 inches broad; 
the copper wire is T * T/ of inch thick, and the length of the 
needle rather less than 4 inches. To make it more exten¬ 
sively available, 1 have drawn a curve, whose abscissae arc 
the degrees of the circle, and whose ordinates are the quantity 
numbers corresponding to those degrees, in this way I can 
interpolate to any extent the quantity divisions previously 
obtained by experiment. 

15. 1 recommend this form of the galvanometer with great 
confidence, because, 1st, The method of tangents is only 
applicable when the diameter of the coil bears a vejy large 
ratio to the length of the needle, and 2nd, Because you can 
by passing the electric current through 1, 2, 3, 4, &c. coils, 
increase thp delicacy of the instrument accordingly. 

16. I have principally made use of Wollaston’s 4 inch 
doubly coppered batteries, with amalgamated zinc plates, 
and charged with a solution of sulphuric acid. I shall perhaps 
describe at an early opportunity an expeditious and convenient 
method of fitting up both this battery, and the admirable 
instrument of Mr. Grove. 

17. In the subsequent experiments, the engine was fitted 
up with,-the hard iron, and hard wire, revolving electro¬ 
magnets. After a few trials with powerful batteries, finding 
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it inpracticable to work with the highest intensity arrange¬ 
ment, I soldered the ends of the three wires of each electro¬ 
magnet together, and united the combined wires in such a 
manner, that the electric current passed through 424 yards 
of threefold conducting wire. 

18. In the tables underneath, the first column indicates 
the quantity of electricity; the second, the differences of 
those quantities; the third, the velocity of the revolving 
eleclivo-magnets, in feet, per second; the fourth, the duty, in 
pounds raided per second of time, to one foot in height; and 
the fifth-The duty, in pounds raised to the height of one foot 
by the agency of one poi«id of zinc. 

11). In calculating the amount of duty, 1 found that in this 
arrangement, 12*4 of electricity was just sufficient to keep 
the machine m motion, when the friction, referred to the 
revolving electro-magnets, was equal to 10 ounces avoirdu- 
poisc; the same amount of electricity was, whatever the velo¬ 
city, always able to overcome exactly the same amount of 
friction; 1 therefore felt, justified in making it a basis on which 
to calculate the force due to other quantities of electricity. 
The duty in the fifth column is calculated on the basis of the 
decomposition of water effected by a given quantity of elec¬ 
tricity ; I consider it as an approximation to the truth. I 
may just observe that the friction has been altogether neglec¬ 
ted, and that whenever the motive force was not sufficient, 
mechanical means were resorted to in order to overcome it ; 
this course was adopted, because the friction is not at all 
to be considered as an element in the subsequent obser¬ 
vations. 

Table f. 


x 

» 80 pairs of Wollaston’s plates. 

(A mean of 3 trials.) 


Electricity. 

dif. Velocity. 

Duty. 

Economical 

24-6. 

.0. 

3 

• * *0* • • • • • 

.0 

21-6. 

. 2. 

2 

. 3 - 8 .... 

.21960 

19*6. 

. 4 . 

1-6 

. 6*25 ... 

.39740 

180. 

. 6. 

1*5 

. 7*89 

. 54800 

16-5. 

. 8 . 

1-5 

.10. 

21, April, 1840. 

.8 85 .., 


150.. 

Vol. IV.—No. 

.9-15 ... 

.76 HO 

L ; 



















478 


On Electro-Magnetic Forccs y 


'Fable 2. 

40 pairs of Wollaston’s plates. 


(A mean of 2 trials.) 


Electricity. 

dif. Velocity. Duty. 

Economical duty 

11-8. 


.0 


1*6 

t 

10*2. 




*8 * 


9*4. 

•8 

.38300 

8*6. 


. 52320 


•6 

* 

8-0. 




Table 3. 

10 pairs of Wollaston’s plates. 


5 . 0 . 0 . 0 

•8 


4*2.... 


o 

• 1 A. 

.33300 

3*6.... 

•U 

A 

....*21 . 

.58300 

L 

3*3.... 

•3 

•«• *0 • • i !■ 

.*265. 

.80300 

3 .... 

•3 

• itliBlla* 

.*292. 

.97300 


• I , 


Table 4. 

a 

Grove’s battery of 10, 4 inch, plates. ~ 


(Not very efficiently charged.) 


17*6 . 

• 

14.3 

33 

»• • • .0 ■ • ■ • 

9 

. 0 . 

. 16*6 . 

.... 116080 

124. 

1*9 

> »#»*4 •••« 

.. 2*5 . 

....201600 

11*0 . 

1.4 

» 9 • • #6 

... 2*95. 

.... 268200 

10*3 . 

•8 

• 

11*» »8 (i>> 

• 

3*38. 

....331400 






































479 


by Mr. J. Joule . 

1 

20. I now united the conductors in such a manner, that the 
fluid was divided between each pair of stationary, and revolv¬ 
ing, electro magnets; in this case, the electricity passed 
through 212 yards of six-fold wire. 

Table 5. 


A quantity arrangement of two 40 pairs of 
Wollaston’s plates. 


ectricity. 

dif. 

Velocity. I 

52- .... 


.0. 


9 


43. 


.....V. 2. 

33. 

r 

5 

( ),t) 

.4. 

348 .... 


••••••# 0 • • • • • • 

32-2 .... 

2-6 

••••••• 

23-8 . 

2-4 

.10.! 

Table 

A quantitv arrangement « 

28-2. 


Wollaston’s 

••«••••»0 

23-2. 

5 


20*7. 

2-5 

.4. 

19-0. 

1*7 . 

«i 

17-6. 

1-4 

.8. 


0 


7-38. 53100 

8 42...!.65400 

9*02 .75700 


0 .............. * ... 0 

1*1 . 23700 


2-52.71600 


' Table 7. 

A quantity arrangement of two 1*0 pairs of 
Wollaston’s plates. 


16*8.... 

3 

. 0 . 

• Mf |0 »•■••• •#« ft 


13*8. 

1*6 

.2... 

.-387. 

. 28000 

12*2. 

1*2 

4 

• ■•ft* ••• Jk 0 • 

.-605 . 

. 49600 

11.0.... 


• 

• ft IfttMlV/ 

.**.. *738. 

. 67100 


1-0 

* 



10*0 . 



. *813 . 

. 81300 
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21. The above examples will show pretty clearly the effects 
of magnetic electrical resistance. This resistance is the 
prime obstacle to the perfection of the electro-magnetic 
engine, and in proportion as it is overcome, in«the same pro¬ 
portion will the motive force increase; this ought therefore to 
claim our first altentiop. 

22. On comparing the differences with the velocities and 
electricities in each table, the general conclusion is, that the 
magnetic electrical intensity is directly proportional Usrthe 
velocity , multiplied by the magnetism , or, which ia*the same 
thing, by the electricity which induces that magnetisift. It is 
the latter parr, of this law, which nukes the differences de¬ 
crease gcncrally> (and as accurately as the nature of the mani¬ 
pulations can lead one to expect,) in the same ratio with the 
electricities opposed to them. It is necessary te observe that 
the first difference , or that which exists beteen 0, and 2, 
velocities , mqst he neglected, as that is much augmented by 
the slightest inaccuracy of the commutator. 

23. It appears moreover, that this law is entirely unaffected 
by the diminution or increase of battery intensity; for on 
comparing the tables of either system together, it will be seen 
that in all cases the differences are about one-tenth of the 
electricities opposed to them. 1 wish to call particular attention 
to this circumstance, which is owing to the constant resistance 
of the wires, in each separate system. 

24. In the second arrangement the conducting metal was 
halt as long and twice as substantial as it was in the first; 
hence it is, that half the battery intensity sufficed to pass 
t wice the quantity of electricity, and so to produce the same 
motive effect. This is seen on comparing table 1, with 
table 5. 

25. Abo, on referring to tables 1 and 5, it will b® observed, 
that the differences are twice as great in the 2nd arrange¬ 
ment* as in the 1st, whilst the magnetic force remained very 
nearly the same. To understand the reason of this, it will be 
necessary to observe, 1st; that the magnetic electrical inten¬ 
sity has nothing whatever to do with the thickness of the 
wire upon wjiieh it is induced, but exists simply in the direct 
ratio of the length , consequently that the intensity is only one 
half as great in the 2nd arrangement, as it is in the 1st; 
And 2nd, that, as live resistance of the wire to the battery 
current, in the 2nd arrangement, is only one quarter of 
that in the 1st, the same additional, or extraneous, resistance 
will produce four times the effect in the former, as in the lat¬ 
ter instance. Hence by compounding these two effects, we 
have the differences of electricity, due to a given increment of 
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a 

velocity, and the same amount of magnetism, twice as «reat 
in the 2nd, as in the 1st arrangement. 

20. If the intensity of the voltaic battery do not increase 
in a less ratio than that of the y umber of its pairs, there will 
theoretically, be* *no variation in economy, whatever the ar¬ 
rangement of the whole conducting m^ta'l, or whatever the 
size of the battery. For, if the battery be doubled in inten¬ 
sity, it must in that case consist of twice the number of pairs, 
whifeta will cause twice the quantity of electricity to pass, and 
hence fom times the weight of battery materials will be con¬ 
sumed, while the force of the oaigine is also increased four 
times, according to the square of the electricity. See the 
economical duty in the tables 1, 2, 5, aud 0. 

27. The following are three resources on which to relv, in 
order, to obtain economical power; 1st, the increase of the 
quantity of conducting wire, which will produce a variable. 
degree of advantage, for while it dimishes the resistance of 
the wire, it produces no effect upon the - magnetic electrical 
resistance;' 2nd, the augmentation of the intensity of the 
elementary battery, which will produce an exactly similar 
increase of duty: (compare table 3 with table 4.) 3rd, the 
improvement of the arrangement of the electro-magnets. 
Had I placed mine in such a position that the broad edges of 
the poles should have acted on each other, l should doubtless 
have attained a considerable higher amount of duty. 

28. I must apologize to the reader, that 1 have not relieved 
the tediousness of this paper, by a single brilliant illustration. 
I have neither propelled vessels, carriages, nor printing 
presses. My object has been, first to discover correct princi¬ 
ples, and then to suggest their practical developemont. If I 
have succeeded in some measure in this first part of that 
object, my«lesign has been fully realized. 

Broom Hill , near Manchester , 

March 10 th, 1840. 


LXX. Wonderful effects of Voltaic Electricity in restor¬ 
ing Animal life when the sensorial powers have entirely 
ceased or in other words , when death in the common accep¬ 
tation of the term has actually occurred. Extracted from 
Mr. W. H. Halse's address to the Newton Society for 
the attainment and diffusion of Knowledge dated March 
3, 1840. 

* 

After describing the benefits obtained by a study of the 
sciences generally, he thus proceeds to show the powers of 
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galvanism on the animal body. 

“ On Thursday last one of my spaniels whelpad, having a 
litter of thirteen; six of which I took for my experiments. 
I drowned three of them in sold water and kept them im¬ 
mersed for fifteen minutes, at which time I ’took them from 
the bucket and place/1 * them in front of a good fire;— no 
motion could be perceived in either of them. I then put the 
front legs of one of them in a jar containing a jyarm solution 
of salt and water and its hind legs in a similar jar, in ea«4r of 
which was inserted one pole of the galvanic battery ; the 
whole was then placed near the fire.,. 

“ The position of the dog being trow favourable for opera¬ 
ting on, without the necessity of making any incisions in the 
flesh, I passed a» very strong shock through its body ; it 
moved its hind legs ; I gave it another shock, which caused 
its tail also to move ; I now passed twenty shocks in quick 
succession th* " gh its body: it moved every limb, its mouth 
opened and x was inclined to believe that the dog had actually 
come to life ; but the moment I ceased passing the shocks, 
the dog was as motionless as it was previous to my com¬ 
mencement. Again I continued the shocks and I noticed 
that there was more motion in the limbs:—considering that 
in proportion to the return of sensibility, that these shocks 
would be too powerful for it, I decreased the intensity of 
them and passed many hundreds in rapid succession ; 1 con¬ 
tinued this for about five minutes—the motion of the limbs 
increasing*as the shocks increased in number—1 now ceased; 

the dog still moved . —It was restored tcJ life _ 1 placed it 

on a warm flannel in front of the fire and in a very short time 
it appeared as w'cll as it was previously to its being drowned; 
it crawled on the flannel and made the nojse peculiar to young 
dogs. I now examined the two other dogs w4iich were 
drowned and taken from the water at the same time ^hat this 
one w r as.— They were both dead — a plain proof that it was 
entirely owing to the galvanic fluid that life was restored. 

“ The other three dogs I drowned in warm water and kept 
them immersed for forty minutes, at which time all motion 
had ceased; two of them I laid in front of the fire and the 
remaining one I placed in the jars as in the preceding experi¬ 
ment. 1 now passed a few shocks of weak intensity through 
the body, but no motion was perceptible; 1 therefore 

increased the intensity of them considerably and gave the 
shocks in quic k succession.— Every limb moved, the belly pro¬ 
truded and again collapsed, and the head was raised —at this 
period I stopped passing the shocks in order to see if there 



483 


by Mr. liaise. 

were any motion in the dog when not under the galvanic influ¬ 
ence ;—there was none; 1 again proceed with the shocks and 
having noticed that the limbs moved more rapidly than before, 

I considered it # necessary to decrease the intensity and in¬ 
crease the quantity of electric fluid, which I did so much as 
just to be enabled to perceive a slight tremor in the dog; I 
continued in this manner for about five minutes at which time 
1 removed it from the jars and placed it on die table— It was 
aliv;^—I n a quarter of an hour it appeared to be perfectly 
recovered.* The other two dogs (which were not allowed to 
get cold during the whole of the, experiment) were now ex¬ 
amined ; no motion whatever could be perceived. I tried the 
the effect of galvanism on one of these; I was successful. In 
one hour after this I operated on the othej; dog also; but 
’twas in vain-j-there was no vigour remaining in the vital 
powers;—life had fled. 

“Remarks:—Having stated that I restore.^ the dogs to 
life, it will be necessary for me to explain in wh jght this is 
to be understood. Strictly speaking, life was not extinct in 
either of the dogs previously to my operating, for if it had 
they would certainly have remained dead j it was merely a 
cessation of the sensorial functions, whilst there was a degree 
of vigour still remaining in the vital organs which combined 
with the nervous influence (or a substitute for it if you please ) 
I supplied by the powers of galvanism; were sufficient to re¬ 
store these functions to their former state of activity; 
nevertheless, the dogs were in the common acceptation of the 
term—dead; but nat properly so, for death cannot be con¬ 
sidered to have actually arrived until the sensorial, the mus¬ 
cular and the nervous functions all cease to act—at that 
moment the animal dies’and not before. .We therefore see 
that although the dogs were not strictly speaking—dead, 
previous to ray operations, yet by the fact of the others being 
dead wh<5n the sensorial of those three were restored, it iflust 
be evident that the process of dying had commenced, and 
would have been perfected had not the powers of galvanism 
been resorted to /—therefore when I say the dog was 
restored to life, I must not be considered to mean that I 
brought the dead to life but rather that 1 arrested the pro¬ 
cess of dying, by restoring the sensorial functions—which 
functions had before entirely ceased to act. 

“ The nature of the above experiments must he very fami¬ 
liar to every physiologist, but when we consider the astonish¬ 
ing powers of galvanism on the human frame, in supplying 
the nervous fluid (or a substitute for it) and the ignorance of 
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this fact by a large proportion of the medical profession, 
perhaps <T shall be excused for introducing this subject to your 
notice ; and as the apparatus necessary for the purpose, when 
constructed on my principle is quite unexpensive (one guinea, 
see No. 23 of Sturgeon’s Annals of Electricity, Magnetism, 
and Chemistry,) I hppe the/e will not be found many medi¬ 
cal practitioners who will object to add the powers of volla- 
ism to their other modes of resuscitation fromjthe first stage 
of death caused by drowning , or from that caused by suffoca¬ 
tion through noxious gases. 9 

“ 1 have refrained from iRtroducjng many technical terms, 
as I wish my subject to be generally understood. It will be 
perceived, that in passing the shocks through the bodies of the 
dogs, no crueltyrW'as practised, for when the powerful shocks 
were passed, they posessed no feeling whatever, and in pro¬ 
portion as the sensorial powers and consequently the feeling 
returned, the intensity of the shocks were reduced ; and when 
it is also considered that the dogs would have been drowned 
had these experiments not been made, I trust 1 shall not be 
accused of having had recourse to cruel methods, for the 
purpose of putting the powers of the voltaic electricity on the 
animal body, to the test of experiment.” 

WILLIAM H. IIALSE. 

Brent , near Ashburton. 


LXXI. 'On Lightning Conductors , *nnd the effects of 
Lightning on Her Majesty's Ship Rodney and certain 
other Ships of the British Navy ; being a further exami¬ 
nation of Mr. Sturgeon’s Memoit on Marine Lightning 
Conductors. By \V. Snow Harris, Esq. F.ft.S., fyc, 

• « 

To the Editors of the Philosophical Magazine Journal. 

Gentlemen^ 

1. In my former communication (L. and E. Phil. Mag. 
vol. xiv. p. 461.) I considered the nature of a well-known 
phenomenon in electricity, termed by Cavallo, Priestley, and 
others the lateral explosion, and shewed that it did not apply 
to the state of a metallic rod in the act of transmitting a va¬ 
nishing electrical accumulation between two opposed electrified 
surfaces, as insisted on by Mr. Sturgeon in a recent number 
of* his Annals of Electricity. * I yill now proceed to examine 
the general character and effect of ordinary electrical dis- 
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charges, whether produced on the great scale of nature, or 
artificially, with a view of further showing, that such lateral 
explosions do not occur at the instant of the passing of a 
shock of lightning through a metallic conductor, as also with 
a view of meeting certain other objections which have been ad¬ 
vanced at different times to the use* of lightning rods in 
ships. 

2. I should x not have felt myself called upon to notice fur¬ 
ther "Mr. Sturgeon’s memoir, did I not consider the statements 
it contains, although superficial aqd inconclusive, likely to mis¬ 
lead the public upon many*important points, connected with 
the effectual protection of shipping, against the destructive 
effects of lightning, and convey false views of the nature of 
electrical action. Under these impressions I have little 
hesitation in noticing what he has advanced under the fol¬ 
lowing heads:— 

1st. Examination of the observed effects produced on 
shipping by lightniug. 

2nd. A comparison of the observed effects of lightning 
and the probable effects which lightning would pro¬ 
duce by the application of Mr. Harris’s conductors to 
shipping. 

. 3. The first contains an excellent, and I have no doubt, an 
accurate statement, by an intelligent officer of the Rodney, of 
the destructive effects of lightning lately experienced in that 
ship, together with notices of two cases in which ships fitted 
with my conductors were struck by lightning without any 
attendant ill consequence. In the second, it is the author’s 
object to prove, from the effects of lightning in the Rodney, 
tha' my system is inadmissible ; since the discharge of light- 
nir he observes, which struck the Rodney, “ would have 
been powfi-ful enough to have rendered even the thickest 
part of Mr. Harris’s conductors sufficiently hot to ignite gun¬ 
powder 

Considering the boldness of this assertion, and the high 
pretension of the memoir, we should expect, on examining 
the author’s researches, to find him in possession of a copious 
induction of facts from well-authenticated cases of damage by 
lightning on ship-board, illustrating clearly the views he so 
strenuously insists on,—cases in wnieji continuous or other 
metallic conductors have been from any cause placed along 
the masts or rigging, and in which the electric agency found 
its way through the hull to the sea. We should further expect 
from him, something like an examination of the general nature 
and effects of electrical discharges, since it is clear before 
any accurate estimate can be arrived at, of the relative quan- 
■ol. IV.—No. 24, April, 1840. M m 
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tity of electricity likely to be discharged from a thunder¬ 
cloud, anfl the probable effects of metallic rods, or other con¬ 
ductors set up with a view of directing it in any given course, 
such information is quite indispensable. # 

4. Now it is to be particularly observed, that Mr. Stur¬ 
geon’s memoir is really deficient in such information ; a few 
clumsy experiments in illustration of a well-known fact in elec¬ 
tricity, deceptively associated, by means of a vague hypothesis, 
with some of the ordinary effects of lightning, on a shifTwo* 
having any regular conductor, and with some everyday phe¬ 
nomena Of the electrical kite, is virtually the amount of all 
that the author has advanced, under the imposing title of 
“ Theoretical and Experimental Researches. 

5. In illustration of the careless way in which he meets 
this question, it may not be out of place to notice the fol¬ 
lowing specimen of his inductive philosophy,—being the 
very outset of the comparison he has proposed, of the ob¬ 
served effects of lightning, and the probable effects on my 
conductors*. 

In the account given of the damage recently sustained by 
H.M. Ship Rodney, it appears, that the shock of lightning 
which shivered the top-gallant-mast, damaged the top-mast, 
&c., &c., fell on a small brass sheave in the truck for signal 
halliards, and slightly fused it. This sheave weighed about 
four ounces; it was only about an inch and a half diameter, 
hollowed except at the centre and rim, where it was some¬ 
where about half an inch in thickness. The lightning also 
fell on the copper funnel for top-gallant rigging, being a hol¬ 
low cylindar of sixteen inches in length, 10 inches in diame¬ 
ter, and not quite a quarter of an inch thick. This funnel 
was not anywhere' fused. It fell also on either metallic masses, 
such as the iron-bound tie-block, on the top-sail-y«frtfc &c.,&c., 
the •iron hoops of the masts, &e., on which no calorific effect 
was apparent. 

6. Now we haye here something like evidence what was 
really the actual power of the charge. We see, for example, 
that it did not fuse a copper funnel, 16 inches long, 10 inches 
in diameter; and about 1 th of an inch thick. In the face of 
which fact Mr. Sturgeon insists, that had the charge fallen on 
my conductor, the thickest part of it would have become red- 
hot. His reasoning, in fact, amounts to this; an explosion 
of lightning having slightly fused a small brass sheave, weigh- 


* Sturgeon’s Memoir, sec. 204. 
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ing 4 ounces, nnd having failed to fuse a short copper funnel, 
therefore had it fallen on a rod of copper of one inch in dia¬ 
meter, and 200 feet long*, that rod would have been rendered 
red-hot * 

This, it must fie allowed, is a somewhat amusing kind of 
special pleading, quite unprecedented, J. believe, in any paper 
on science. 

7. The author wishes to strengthen his deduction, such as 
it itf^fey adverting in a foot-note to the case of a small brig 
struck bjj lightning, in which some part of a chain conductor 
is supposed to have been fused; how much is not known, “as 
the lower part fell overboard.” The statement is given with¬ 
out any quoted authority, and is altogether deficient in the 
very information most required, viz. the size of the chain, and 
how much of ft was fused. Let us, however, take it upon 
the author’s own ground, and suppose the conductor to have 
been such as is commonly used in the merchant service,—that 
is to say, links of iron wire about one-fourth of an inch in 
diameter, united by rings, a kind of conductor very easily dis¬ 
jointed and fused at the points of junction by lightning; —the 
reasoning then stands thus: because a shock of lightning 
fused and disjointed some unknown portion of a lightning 
chain in a merchant brig, therefore the same shock, had it 
fallen on a solid copper rod of one inch in diameter and 100 
feet long, would have rendered that rod red-hot. 

8. The fallacy and entire worthlessness of such reasoning, 
seems not altogether to have escaped Mr. Sturgeon’s notice, 
as appears by his amplification of the above effects; thus on 
entering upon the comparison of tho effects of lightning, he 
resorts to a sort of wholesale dealing, and leads the reader to 
conclude that the entire sheave in the lUdney and all the 
brigs’ comliJctor underwent fusion. But even if it were so, 
no such .conclusion as that above mentioned is admissible t, 
especially in reference to a continuous and massive conductor 


* This is the equivalent of my conductor on the main-most of such a ship 
as the Rodney, taking it at its least value. 

f “ Were there no other data than those of the fusion of the metallic sheave 
in the Rodney and the fusion of the chain conductor in the brig Jane,” Stc-&c. 

“The impressions which these facts convey to the mind are too definite to 
be easily understood; they clearly imply that either of the discharges which 
struck the Rodney or Jane would haye rendered tiie thickest part of Mr. 
Harris’s conductors sufficiently h<St to ignite gunpowder,” Sec, &c.—Star- 
geon’s Memoir, sec. 804. 
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terminating in a point, and equalizing with inconceivable ra¬ 
pidity tliQ disturbed electrical state of the sea and clouds. 

9. The manifest deficiency of sound practical information 
in Mr. Sturgeon’s memoir, imposes upon me the necessity of 
adverting to the general character and operation of common 
electrical discharges, whether produced by artificial means or 
on the great scale of nature. In doing this I have no desire to 
excuse myself, in‘case I should not have written clearly and 
explicitly on the subject, since in no department of phyjjcs is 
the field of observation so fertile, and the path of experiment 
so sure and easy. We have before us the experience^!' nearly 
a century, during which time lightning-rods have been em¬ 
ployed; a great number of instances have occurred of shocks 
of lightning falling on ships under a variety of different cir¬ 
cumstances, in some cases where lightning conductors have 
been present, in others where absent; in many instances where 
ships have been near each other and exposed to the r same 
storm, some having conductors, others not . The general laws 
of the discharge arc traceable in them all, and the effects on 
metallic bodies distinctly shown. On the other hand, we can 
on a minor scale, imitate successfully the great operations of 
nature, and examine experimentally every possible contin¬ 
gency attendant on the operation of a shock of lightning in a 
ship. It is our own fault, therefore, if we do not treat the 
subject scientifically, and arrive at complete practical solu¬ 
tions of such questions as these: Is a lightning couductor 
desirahlejn a ship? Will it cause by attraction a shock of 
lightning to fall on a ship when otherwise such would not take 
place ? If so, can it cause damage by its inability to get rid 
of the lightning which falls on it? What is the best form 
and dimensions of a lightning conductor for a ship ? What 
is the greatest probable force of lightning to ^liieh it may 
become exposed ? Is it liable to cause damage by any 
lateral operation of the charge passing through it ? I say, if 
such questions as these cannot now be reasonably determined 
they probably neter can; and, therefore, any one who writes 
or reasons obscurely about them, and without due regard to 
a good induction of facts, can have no claim to be considered 
as a sound reasoner in experimental science ; for, as beauti¬ 
fully observed by Lord Bacon “ Man, who is the servant of 
nature, can act and understand no further than he has, either 
in operation or in contemplation, observed of the method and 
order of nature.” Under these impressions I proceed to 
examine the general character and effects of electrical dis¬ 
charges as exhibited artificially, and on the great scale of 
nature. 
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10. Although some theoretical differences may have arisen 
concerning the precise nature of electricity, yet the .following 
explanation runs sufficiently parallel with facts to entitle it to 
our confidence, * ( afld put us in possession of one of the great 
advantages of every theory, viz. a classification and con¬ 
nexion of observed effects; the proVince^of human knowledge, 
being, as justly observed by a most intellectual and accom¬ 
plished write^, “to observe facts, and 'trace what their 
relatiqps are.”* 

Generai principles:— 

11. There is an invisible agency in the material world inti¬ 
mately associated with common matter, termed electricity. 

12. Lightning, thunder,'and a variety of analogous pheno¬ 
mena of a minor kind, artificially produced,.result from dis¬ 
charges of this agency between bodies differently affected 
by it. 

13. c In every case of electrical discharge there are two 
surfaces of action; one existing on some* substance eager to 
throw off redundant electricity, being, according to I)r. 
Franklin, overcharged with it; the other existing in some 
other substance eager to receive electricity, being, according 
to the same philosopher, deficient of it, or undercharged. 

14. Tw r o opposed bodies, when placed in these opposite 

electrical states, have a sort of exclusive action on each other, 
either directly through any intervening substance, whether a 
conductor of the electrical principle or not, or otherwise indi¬ 
rectly through any lateral circuit. » 

Thus two metallic surfaces A B (fig. 1, plate X.) pasted on 
the opposite sides of a square of glass c d, have, when the 
square is said to be charged, an exclusive action on each other, 
either through the intervening glass, or otherwise through any 
conductor, *A o B, connecting them. 

Now we have only to suppose these planes placed further 
apart, as*in fig. 2, to have a discharging conductor, m n\ of 
greatSf*or less extent between them, to be greatly increased 
in size, to be separated by air instead of glrfss, and to consist 
of free vapour or water, and we have a pretty faithful repre¬ 
sentation of the conditions, under which a discharge of light¬ 
ning takes place, when passing partly through the air, and 
partly through a discharging conductor, m n , or any other 
body, c d, placed on the plane B.f 


* Abercrombie on the Intellectual Powers. 

* m , 

f The thickness of the intervening air, and the amount of free electricity 
in the clouds, has led Professor Henry to question in some measure, the 



490 On Lightning Conductors, 

15. Any continuous metallic rod or other body, m n, (fig. 
2,) connected with the low^r plane, must be considered 
merely as a passive way of access for the charge so far as it 
goes; the electrical agency being observed to seize upon* 
substances best adapted $nd in a position to facilitate its pro¬ 
gress, or otherwise to* fall with destructive effect upon such as 
resist it. 

16. It is easy to perceive here, that the presence of a con¬ 
ducting rod, m n (fig. 2,) or other conducting J)odf? has 
nothing whatever to do with the great natural action set up 
between the planes A B. c It is*in fact to be considered 
merely as a point in one of them. The original accumulation 
of electricity and subsequent discharge, would necessarily go 
on whether such' a rod were present or not, as is completely 
shown by experience. When present, its operation is confined 
to the transmission, so far as it extends, of that portion of the 
charge which happens to fall upon it; and since it is quite 
impossible to avoid the presence of conducting bodies in the 
construction of ships, it is the more important to understand 
clearly in what way damage by lightning occurs to the general 
mass, and how it mav be best avoided. 

17. When discharges of lightning fall upon a ship in the 
way above stated, as being a heterogeneous mass fortuitously 
placed between the charged surfaces A 13 (fig. 3.), the course 
of the discharge is always determined through a certain line 
or lines, which upon the whole least resist its progress. The 
interposed air between the ship and the clouds first, gives way 
in some particular point, probably the weakest,—suppose at 


perfect analogy of a discharge of lightning, wit 1 , that of a Leyden jar; but 
I think upon mature consideration this circumstance will not die found in any 
way subversive of the general principle. Thus whether electricity be accu¬ 
mulated on thick glass or on thin, the result is the same; it is*merely the 
intensity as indicated by the electrometer which changes. * 

Now the term free electricity, applies to the greater or lesser influence of 
tiie opposed coating in respect of other bodies. In the ease of the opposed 
surfaces of the clouds and earth, all the charge is necessarily free electricity, 
since there exists no other point upon which it can tend to discharge. In 
the same way .the electricity of the jar, when the coatings are very near, is 
nearly all redundant, or free electricity, in respect of tlic action between 
them, although latent in respect of other bodies. Hence with a moderate 
accumulation, the electrometer exhibits but a small intensity, if any. The 
only difference at the time of the discharge, is in the position of the dis¬ 
charging circuit, which in the case of the clouds and sea, is directly in the 
interval of separation; and as we find the principal of induction always 
active in cases of lightuing, the thickness of the stratum has evidently no 
influence on the conditions of the accumulation, especially when we consider 
the great extent of the opposed sdtfaces, which may possibly he 20,000 or 
more square acres. Dr. Faraday has shewn that no distance excludes the 
the inductive action. 
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A, fig. 3;—the electrical agency then meeting with continued 
resistance from the non-conducting particles of air; is often 
turned into a tortuous course. Suppose it arrives in this way 
at some point, « } in the vicinity of a ship at A, the question 
whether it would strike upon the mas^at y would be determined 
by the resistance in the direction of tn y k , as compared 
with that in any other direction »?, B; whether, in fact, 
it would be easier to break down the remaining air in the 
direction M B, or otherwise the air in the direction m y, 
supposing; the ship’s mast to facilitate the progress in that 
direction. 

18. Let the charge however strike in the direction m y, and 
so fall upon the mast,—then in proceeding to its ultimate 
destination, viz. the plane of the sea B, its* course is still 
determined by the same general principles ; that is to say, it 
seizes-jipon all those bodies which tend to assist its progress, 
and which at the same time happen to be placed in certain 
relative positions, and upon no others , falling with destructive 
effect upon intervening bad conductors, and exhibiting in non¬ 
conducting intervals all the effects of a powerfid expansive 
force. If wc examine carefully the course of discharges of 
lightning on ships in some hundred instances in which damage 
has ensued, wc shall find this effect invariable. The damage 
has always occurred where good conductors cease to be con¬ 
tinued, and the destructive consequences most apparent are 
those usually produced by expansion. The calorific, effects, ex¬ 
cept as depending on this cause, are really inconsiderable; there 
are comparatively few instances in which metallic bodies have 
been fused, and no instance in which a bolt or chain of any 
considerable magnitude has been even much heated. 

The following experimental and natural illustrations of these 
facts will be found conclusive and interesting. 

Exp. ] r Lay some small detached pieces of leaf-gold a t b , 
c, </, r $p. on a piece of paper, as represented in fig. 4; pass a 
dense shock of electricity over these, from thg commencement 
at A to the termination at B, so as to destroy the gold; the 
line which the discharge has taken will be thus shown by the 
blackened parts; the result will be as in fig. 5, in which wc 

{ >erceive the course of the discharge has been in the dotted 
ine a , A, d, e, f> y, A, /, being the least resisting line; and it 
is particularly worthy of remark, that not only are the pieces 
c, A, untouched, being from their positions of no use in facili¬ 
tating the progress of the charge, but even portions of other 
pieces, which have so operated, are left perfect, as in the 
transverse piece » and portions of a f b, d, e, and/; so little is 
there any tendency to a lateral discharge, even up to the 
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E oint of dispersion of the metallic circuit in which the charge 
as proceeded; indeed, so completely is the effect confined to 
the line of least resistance, that percussion .powder may be 
placed with impunity in the interval between»the portions c, d. 
Now the separate pieedi of leaf-gold thus placed, may be 
taken to represent detached conducting masses fortuitously 
placed along the mast and hull of a ship. ^ 

Exp. 2. Let a thin continuous line, m, n, be passed 
through the separated pieces, and a dense aecunndatibn dis¬ 
charged over the whole, as yi the proceeding case. The effect 
will be as represented in fig. fi.; tlu; discharge will be confined 
to the line of least resistance ; and we may perceive in this, as 
in the former cgse, that those pieces, or parts of pieces, out 
of the track of the discharge, are not affected; thus a part 
only of the piece g is destroyed, also of the piece *, whilst 
other pieces, A, d, e, f /, which in the former case, where the 
continuous line, a*b, was not present, were blackened by the 
discharge, remain here perfect. 

Exp. 3. If the continuous line A, B (figs. 7, 8) be assisted 
by other comparatively short collateral branches, as d e, d c, 
having one common connexion at B, then a discharge which 
would destroy the line A, B, will divide upon these auxiliary 
lines, and the part d, B will either escape, or the whole will 
suffer together. 

Exp. 4. Pass a discharge over a strip of gold-leaf, as A, 
fig. 2; every part of it, as indicated by the last experiment, 
will par ticipate in the shock ; and if it be of uniform density 
and thickness it will be everywhere equally affected, so that 
one portion will not be destroyed without the whole. Ibis 
result will be readily distinguished from that represented at d 
and i, fig. 5, where the masses lie across the track of the 
discharge. 

The diagrams here referred to, are copied from the actual 
effects of the electrical discharge in the way above mc.*Juned. 

19. These experiments are instructive. They evidently 
prove, that an electrical explosion will not leave a good con¬ 
ductor, constituting an efficient line of action, to fall upon 
bodies out* of that line. Mr. Sturgeon’s assertion that a con¬ 
ductor on a ship’s mast would operate on the magazine is 
therefore quite unwarranted. Besides, we have many instances 
of the masts having been shivered by lightning into the step, 
whilst acting as partial conductors, without any such conse¬ 
quence ; as happened in the Mignonne in the West Indies, 
the Thetis at Rio, the London, Gibralter, Goliath, and many 
others. Instead, therefore, of a conductor on the mast being 
dangerous, it is absolutely requisite as a source of safety to the 
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silip, by confining the discharge to a given line and leading 
it to the sea. 

20. It was from a careful consideration of the common 
effects of lighting, and from such experimental facts as those 
above mentioned, that I was led |o suggest the propriety of 
fitting continuous conductors of lijpituing of great capacity in 
the masts of ships, linking them by elficicyt communications, 
together wide the principal detached metallic bodies in the 
hull, "hito. one geneial continuous mkIcui, and finally connect- 
ing the whole with the sea. These conductors consist of two 
laminae of copper-sheet, varying from one inch and a half to 
five inches wide, and lifting together nearly one-fourth of an 
inch thick; they are iidaid so as to be fair with the surface of 
the mast, and form a series of slmt-joints; 'they sire otherwise 
so constructed as to present an uninterrupted line of action 
from, the highest point to the sea. TJ 10 method has been par¬ 
tially used in the British navv for several vesirs, and has been 
proved in every way efficient. In no case lias any of the. ves¬ 
sels fitted with them received the slightest damage, although 
frequently exposed to severe thunderstorms, and in some 
instances actually struck by heavy discharges similar to that 
which fell on the Jlodney in December, IH:J8. * 

21. If we consider attentively the effects of this shock, we 
shad find them in complete, accordance with tlie principles just 
stated. The attendant phenomena wane of the simplest kind, 
and such as have always occurred in cases of ships struck by 
lightning not having a continuous conductor: e. g.’ the elec¬ 
trical discharge, in forcing its way between tlie sea and clouds, 
over resisting intervals, and between discontinuous metallic 
masses, was productive of a violent expansive effect in these 
intervals ; causing at ..the same time a considerable evolution 
of heat. There was really nothing particularly remarkable 
in this-instance ; the course of the discharge was a very simple 
affaiv, being, according to the law of electrical action just 
exemplified (Exp. 2,) in the line or lines of least resistance 
from the highest point to the sea: thus the course of the dis¬ 
charge was, as represented in fig. 0*, plate XI, along tlie 
masts and rigging, upon the general mass of the hull and sea. 
The vane-spindle a, upon which the accumulation was first 
concentrated, was of course severely dealt with. From this, 
being probably assisted by the moisture on the surface of the 
wood, it glanced over the royal pole to the head of tlie top - 


* See a letter in the Annals for January last, by Lieutenant Sullivan, 
R. N., who witnessed these effects. 
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gallant mast at b , whore it found intermediate metallic assist¬ 
ance in tjie copper funnel for the top-gallant rigging: from 
this, the resistance in the mass of the wood appears to have 
Been less than that on its surface, probably from the long 
interval of air between the tunnel and conducting bodies about 
tlie cap below, the npisflfois therefore split open as far as the 
cap at c. Here again it was enabled to stride over the surface 1 
of the mast, upoh tlie metals about the parrel/>f the top-sail- 
yard at d, where the accumulation became again conequiratcd, 
producing a powerful expansion and heating effect so far as 
the lower cap at e ; and thus it passed along per sdTlitm over 
the lower mast in. from one metallic mass to another, until 
within a striking distance s of the §ca and hull, it divided 
upon the hull and sea in convenient directions s n, s o, s p. 
In this course, as indicated by the waving black line a, b, c, 
d, &e., it evidently sought assistance from all the conducting 
matter it could seize upon ; such as the wet ropes, the copper 
funnel for top-gallant rigging at It, the iron work and other 
bodies about the topmast cap at c, as also the men in the top¬ 
gallant crosstrees at c. The charge evidently divided upon 
them in proportion to the assistance each, could afford as a 
small auxiliary circuit, as Exp. $; the men nearest the mast 
would be necessarily in the more direct course of the discharge, 
the others would be more or less so according to their respec¬ 
tive positions ; that these poor fellows who were killed suffered 
in this way as being conductors to parts of the charge is 
evident from the appearance of the bodies. Mr. Sturgeon 
calls especial attention to the circumstance of the men being 
thrown in opposite directions, and thinks it remarkable : but 
how could it he otherwise ? the intervening air being caused 
to expand violently from a central point, would necessarily 
operate as a central force; surely therc®is nothing very new in 
this.* About the parrel of the topsail-yard at d, we_ should 
expect again power effects; for here again die charge becamg 
concentrated, and set the sail, &c., on fire. This is quite in 
accordance with the known laws of electrical action ; thus we 
find the points of ingress and egress of an artificial charge, 
when caused to fall on a slip of gold-leaf or other matter, are 
always those in which the most powerful effect arises; and 
when we desire to fire inflammable matter by electricity we 
place it directly between detached metallic points. 

22. The circumstance of the lightning striking over portions 
of the wet mast without damage, is precisely the same effect as 
observed in certain eases of artificial electrical discharges. 

* Certainly nothing new, merely an instance of the effects of lateral explo¬ 
sion of the first kind. Knrr, 
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Thus a vciy slight film of moisture will allow a jar intensely 
charged to discharge a luminous ball over along strip of glass. 
Dr. Franklin found he could destroy a dry rat bv an 
electrical shocK ? wlien he iailed to hurt a wet one. If we 
continue to follow the discharge Jind similar expansive 
and destructive effects; such as tluPbuistiug of the hoops on 
the mast, &c., &c., which will sometimes .occur and some¬ 
times not. * 

23rdrhere is really nothing in all this to call for especial 
remark, except we may observe, as shown by the experiments 
already described, that if a*good chpaeious conductor had been 
incorporated with the niftst from the truck to the metallic 
masses in the hull and to the sea, then these expansive and 
destructive effects could not possibly have occurred; since the 
interrupted circuit w r ould have been avoided, and the intense 
electrical action have vanished, or nearly so, at the mast¬ 
head, for it would have no longer been drivvu to force its way in 
a dense explosive form to the hull and sea ; of this we have the 
most complete evidence from experience, particularly in the 
eases of the ships struck by lightning having such conductors 
as those just alluded to, curiously enough ({noted by Mr. 
Sturgeon as evidence to the contrary. It seems a str.iuge way 
of disproving a fact to quote those who, having been eye¬ 
witnesses, insist upon its truth. That the electric matter 
finally distributed itself upon the hull as well as on the sea, 
is evident from the circumstance of the casing of llearle’s 
pump at t, wdiich led through the side under waiter being 
shivered ; from the vivid electrical sparks below, and from the 
usual smell of sulphur in the well, and appearance of smoke 
in the orlop-deck. 

24. The interrupted circuit therefore tori>e traced here, is 
first from tlto vane-spindle to the copper funnel of top-gallant 
rigging; 2 nd, from this to the conducting bodies at the heel 
of 4 be top-gallant inast; 3rd, thence to the metallic masses 
about the parrel of topsail-yard; 4th, between this and the 
metallic bodies about the head of lower mast; 5th, from this 
over the detached metallic bodies on lower mast; finally, from 
lower mast to the hull and sea. The effect of this shock of 
lightning appears to have been somewhat palliated by heavy 
rain. 

Although Mr. Sturgeon has gone far out of his way to twist 
these phenomena into an accordance with certain theoretical 
views, and sets them up as being of an extraordinary kind, 
they are nevertheless of a very simple character, and are 
merely illustrative of a few well-known law's of electrical 
.action. 


(To be Continued) 



IiXXII. Mr. Sturgeons fourth Letter to W. Snow Harris , 
Esq. on the subject of Marine Lightning Conductors. 

Silly 

1 had expected that f th#fury of your wrath against the ex¬ 
pose, contained in my fourth memoir, of the probable danger 
and unnecessary expense consequent upon your^plan of light¬ 
ning conductors being established in the royal navy, had been 
totally vented in your first unprecedented volley 6f abuse; 
but in this expectation, as well as in that of your beiffg a sci¬ 
entific reasoner, I have been sadly disappointed; for instead 
of keeping “close quarters,” and observing that strict candour 
which ought to he held sacred in scientific discussion, and 
especially on a topic of such high national importance as that 
of marine lightning conductors, you still keep raving on, as 
if determined, by your coarse bullying language, to crush 
every attempt to scrutinize your plan of conductors, or any 
notice that may be taken of those errors into which you have 
obviously fallen. Such asperous domineering may probably 
be suitable enough in your hands, as it is the principal w eapon 
you employ. But as 1 am not in possession of any of the kind, 
nor of any desire to shine in a contest of such an ignoble 
character, 1 most willingly acknowledge you as master of that 
part of the field. 

That point settled, I must now solicit your attention to a 
few particulars of a somewhat more important character, and 
first of all to your own confession of your own iguorauce of 
certain points of electric action. Occasionally you deny the 
existence of lateral discharges in toto: and, occasionally , you 
admit some kinds* of lateral discharges and deny others. 
Perhaps you will acknowledge that the mere denial of a fact 
is no proof of its non-existence; and that it may as possibly 
be grounded on the mere ignorance of the party denying it.- 
Moreovcr, your denying a fact at one time and acknowledging 
it at another, is no sure indication of your accuracy, in either 
case, emanating from a sound judgment. ^ 

You hava admitted, however, in page 317 of this volume 
that there is such a phenomenon as a lateral explosion , and 
you have admitted also, that this lateral explosion produces 
mechanical action, henco, you have, indirectly , admitted all 
that I have advanced concerning lateral discharges of the 
first kind. 1 For, although you seem to have no idea at all of 

• 
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* See paragraph 1!):1 of my fourth Memoir, page 171 of this volume. 
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an electrical wave , you ought to have known that such a wave 
must necessarily be produced by the expansive force of the 
explosion; and had you been that practical man, that 1 have 
all along expected you were, you would, have known that a 
gold leaf electroscope, properly exposed would indicate an 
electrical wave during the occurrdHee pf a flash of lightning; 
and that a similar wave is produced by artificial discharges. 
Such facts, -however, appearing to be quite unknown to you 
I sti^ll not, here, trouble you more about them. 

I cannot but admire your mode of attack in the fourth para¬ 
graph v of your second production on this troublesome 
memoir of mine. You seem to be labouring under some 
uneasiness about my few “ clumsy experiments ,” which not¬ 
withstanding your self-sufficient strong position in the scienti¬ 
fic world, seem, by paragraph 2, to have produced an 
apprehension that they may possibly open the eje.s of those 
whom your elegant experiments before the Navy Hoard, and 
highly scientific illustrations of the effects of lightning on 
ships’ masts before the British Association, the members of 
the United Service museum, and other bodies, have so long 
been blinding. 

Now, it so happens, that those few “clumsy experiments ” 
of mine, “with some cvcry-day phenomena of the electrical 
kite,” are the very facts which an inventor of a lightning rod 
ought to be perfectly acquainted with; and l verily believe 
that, had you been sufficiently familiar with the “ every-day 
phenomena,” as you are pleased to call them, you could 
never have been led to the persuasion that the effects experi¬ 
enced on board tho Beagle and the Dryad were any indica¬ 
tions of those ships being struck by lightning. Every sailor 
knows well that ships are severely shaken,by a peal of vicinal 
thunder, though no lightning strikes the vessel; and if you 
would condescend to repeat some of my “ clumsy experi¬ 
ments” with the electrical kite, during a lightning storm, 
ydu’would soon learn that the “hissing noise” and other 
phenomena, witnessed on board the Beagle and the Dryad; 
are the constant productions of electric waves in the atmos¬ 
phere ; sometimes from flashes of lightning and sometimes 
from tho mere transit of a cloud over the kite. Moreover, a 
true indication of the Beagle being not struck by the prima- 
tivo discharge is, that neither her compasses nor her chrono¬ 
meters were magnetized by the event: for had the main-masts’ 
conductor transmitted a flash of lightning as has been sup¬ 
posed, no circumstance hitherto brought to notice, could 
possibly have prevented the magnetization of the steel in the 
chronometer which was placed so near to that conductor. 



4118 v Mr, Sturgeon** fourth Letter 

Agaih, whatever may be your opinion of those “ every-day 
phenoihena of the electric kite,” I have always considered 
that scime of those which I have recorded are very far from being 
deserving of that epithet you have given them., They are ob¬ 
viously Such as you never saw, and, I believe, they are such 
phenomena as you are unaBle to shew recorded by any other 
person. My electee kite experiments have probably been 
more extensive than those of any other person of^the present 
day; and, to me, they have been more productive of lt @j*. r reet 
views of electric action generally, than any series .of ex- 
periments I ever before pursued; and led me to other investi¬ 
gations which otherwise 1 might not have thought of. 

By the copious discharges occasionally exhibited at my 
kite-string, I gained a knowledge of atmospheric electrical 
waves, and of the causes of their production.* By an atten¬ 
tion to the motions of the balls of a Cavallo’s electro-scope, 

1 have gained a knowledge of the variableness of the density 
of atmospheric electricity in windy weather. By prosecuting 
my kite experiments at all seasons of the year, for about six 
successive years, I have been enabled to foretel at what 
season of the year, and under what circumstances of weather, 
the atmosphere would be most powerfully electric with 
respect to the ground. 

By making my experiments in places remote from each ■ 
other, upon lofty mountains and in low valleys, 1 have been 
enabled to understand that an unclouded atmosphere is con¬ 
stantly cleclro-positive with reference to the earth. By 
studying this fact in connexion with electric waves, 1 have 
been led to a knowledge of the cause of the ground being 
sometimes electro-positive w ith respect -to the air immediately 
above it. And by these and other fluctuations of the atmos¬ 
pheric electrical pressure, arising from hygromctTical, and 
thermometrical changes, &c., I have been enabled ^under¬ 
stand the cause of the ever-varying electrical conditiocucf ' 
bodies composing the surface of the earth. 

By employing several kites at the same time, at different 
altitudes, at different seasons of the year, 1 gained a know¬ 
ledge of the different electric conditions of atmospheric strata 
at those altitudes: and from a knowledge of the atmosphere 
being differently eleetric at different altitudes, 1 was led to 
infer that an exceedingly thin stratum of air would be differ¬ 
ently electric on its upper and lower surface.—Keeping this 


• See my fourth Memoir, page 181 of this volume. 
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idea in view whilst repeating some of the beautiful experiments 
described in Sir Humphrey Davy’s Bakersian Lecture lor 18‘2G, 
t was led to suspect that thin strata, or films, of metallic 
bodies might possibly exhibit different electric action on their 
opposite surfaces, which I found to be the*, case, and in the 
year 1827, I constructed my dry (Sjcctfic column, having one 
metal only; each piece having a relatively positive and nega¬ 
tive surface.* 

F r qm my success with the dry electric column, I was led 
to a “ lbw clumsy experiments” in galvanism; by means of 
which 1 shewed that metallic contact is not essentially neces¬ 
sary to the production of galvanic action, f This discovery 
was thought of sufficient importance by Dr. Faraday, to 
deserve a place in the Transactions of the Royal Society, and 
to select it from my hook as a fit subject for the theme of his 
8th Series; forgetting, however, to associate the name of the 
discoverer with the fact. It was by contemplating the electrical 
character of the same kind of metal under different states of 
polish, texture, &c., that 1 was led to the discovery of making 
active galvanic combinations with one kind of metal only, and 
of shewing that cast and rolled zinc are in different electric 
conditions. It was in consequence of this discovery that I 
was enabled to shew that rolled, or hammered zinc in com¬ 
bination with copper, made more powerful galvanic batteries, 
than cast zinc, not so treated, would make in combination 
with that metal.| This discovery was also honoured with a 
place in the Philosophical Transactions of the Royal Society 
through the courtesy of Dr. Faraday, who, considering it 
sufficiently important to form a prominent feature of his own 
dexterity in the tactics of transplantation, very politely handed 
it to the Council of the Royal Society as a discovery of his 
own, plaeyig it very conspicuously in his lrftli Series. 

The “ every day phenomena at the electrical kite,” which 
„Slavonic the first idea of thin strata being differently electrical 
on* their opposite sides, led me to the supposition that the 
thinnest films which constitute metallic crystalline groups 
might also be in different electrical conditions. This idea led 
me to an extensive series of “clumsy experiment” which 
were perfectly successful in shewing that each separate metal 
is susceptible of exhibiting thermo-electric currents, and that 


* See my Experimental Researches in Electro-Magnetism, Galvanism, Sic. 
p. 64. Published in 1830, by Sherwood, Gilbert and Piper. 

f ibid page 21, 83, and 84. T 
i See my Experimental Researches, See. page 65—71. 
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each group of the crystalline films, is, in fact, an electrical 
pile, as decidedly as any electric, pile formed of two or more 
distinct kinds of metal.* 

These few specimens of the consequences* of some of my 
“ clumsy experiments” and “ every-day phenomena at the 
electric kite,” may probably afford you an idea of their having 
been viewed, by Dr. Faraday and others, under a very different 
aspect to that which would lain place, them in. 3V.nd, indeed, 
from the tenour of your first letter to me,t I hapn^vcry 
reason to think that, your present disingenuity andjvant of 
candour are the mere effects4)f the Jameutable Electrophobia 
under the torments of which my fourth memoir has so unhap¬ 
pily placed y on: and that, as the ardour of the fever abates, 
I am in hopes your mind will gradually be restored to its 
usual healthy tone of vigour and conscientiousness; and 
resume its capability of appreciating the labours of those who, 
even under inexpressible disadvantages, have so long been 
working with you in the same field of science. Hence it is 
that, notwithstanding the violations of courtesy and candour 
which you have manifested during the impulse of those fervent 
paroxysms under which you have been unhappily labouring, 
I most willingly and sincerely exonerate you from all blame 
in this temporary misunderstanding; and you may rest per¬ 
fectly assured, that, whenever liberality and candour again 
emanate from your pen, they will be accompanied by my best 
washes for your welfare and success. 

(i 

1 have the honour to be 
Sir, 

Your obedient Servant, 

V 7 

WILLIAM STURGEON. 

To W. Snow' Harris, Esq. 

P-S.—The state of the controversy will be seen on the next 
page. 


* Philosophical Magazine, 
f See page 323 of this volume. 
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^ ix. Disruptive discharge continued — Insulation — Spark — 
Brush—Differenctrof discharge at the positive and negative 
surfaces of conductors. 

1392. When a spark had passed at either interval, ^tfeen, 
generally, more tended to appear at the same interval, as if a 
preparation had been made ibr the passing of the latter spark. 
So also on continuing to work the machine quickly the sparks 
generally followed at the same place. This effect is probably 
due in part to the warmth of the air heated by the preceding 
spark, in part to dust, and I suspect in part to something 
unperceived as yet in the circumstances of discharge. 

1393. A very remarkable difference, which is constant in 
its direction, occurs when the electricity communicated to the 
balls 8 and S is changed from positive to negative, or in the 
contrary direction. It is that the range of variation is always 
greater when the small balls are positive than when they are 
Vol. V.—No. 27, September, 1840. X 
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negative. This is exhibited in the following Table, drawn 
from the former experiments. 


Air the range was 

Pos. 

« Neff. 

. 0*19 

009 

Oxygen 

. O']9 

0 02 

Nitrogen ..... 

. 0*13 

0-11 

Hydrogen .... 

. 0'14 

tf-05 

Carbonic acid , . . 

. 0-16 

0-051 

Olefiant gas . . . 

. 0-22 

0-08 

Coal gas .... 

. 0*24 

0-12 

Muriatic acid . . . 

. 0-43 

0*08 


I have no doubt these numbers require considerable correction, 
but the general result is striking, and the differences in several 
cases very great. 

1394. Though, in consequence of the variation of the 
striking distance (1380.), the interval in air fails to be a 
measure, as yet, of the insulating or resisting power of the 
gas in the vessel, yet we may for present purposes take the 
mean interval as representing in some degree that power. 
On examining these mean intervals as they are given in the 
third column (1388.), it will he very evident, that gases, 
when employed as dielectrics, have peculiar electrical rela¬ 
tions to insulation, and therefore to induction, very distinct 
from such as might be supposed to depend upon their mere 
physical qualities of specific gravity or pressure. 

1395. First, it is clear that at the same pressure they are 
not alike, the difference being as great as 37 and 110. When 
the small balls are charged positively, and with the same 
surfaces and the same pressure, muriatic acid gas has three 
times the insulating or restraining power (1362.) of hydrogen 
gas, and nearly twice that of oxygen, nitrogen, or air. 

1396* Yet it is evident that the difference is not due to 
specific gravity, for though hydrogen is the lowest, and 
therefore lower than oxygen, oxygen is much beneath 
nitrogen, or than olefiant gas, and carbonic acid gas, though 
considerably, heavier than olefiant gas or muriatic gas, is 
lower than either. Oxygen as a heavy, and olefiant as a light 
gas, are in strong contrast with each other ; and if we may 
reason of olefiant gas from Uakris’s results with air (1365.), 
then it might be rarefied to two-thirds its usual density, or to 
a specific gravity of 9*3 (hydrogen being 1), and having 
neither the same density, nor pressure as oxygen, would have 
equal insulating powers with'it, or equal tendency to resist 
discharge. 

1397. Experiments have already been described (1291. 
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1292.) which shew that the gases are sensibly alike in their 
inductive capacity. This result is not in contradiction with 
the existence of great differences in their restraining power. 
The same point has been observed already in regard to dense 
and rare air (1375.). 

1398. H/mcc arises a new* argument proving that it 
cannot be more pressure of the atmosphere which prevents or 
govern-discharge (1377. 1378.) but a specific electric quality 
or relation of the gaseous medjum. Hence also additional 
argument for the theory 6f molecular inductive action. 

1399. Other specific differences amongst the gases may 
be drawn from the preceding series of experiments, rough 
and hasty as they are. Thus the positive and negative series 
of mean intervals do not give the same differences. It has 
been already noticed that the negative numbers are lower 
than the positive (1393.), but besides that, the order of the 
positive and negative results is not the same. Thus on 
comparing the mean numbers (which represent for the present 
insulating tension,) it appears that in air, hydrogen, carbonic 
acid, olefiant gas, and muriatic acid, the tension rose higher 
when the smaller ball was made positive than when rendered 
negative, whilst in oxygen, nitrogen, and coal gas, the reverse 
was the case. Now though the numbers cannot he trusted as 
exact, and though air, oxygen, and nitrogen should probably 
be on the same side, yet some of the results, as, Iqi* instance, 
those with muriatic acid, fully shew a peculiar relation and 
difference among gases in this respect. This was further 
proved by making the interval in air 0*8 of an inch whilst 
muriatic acid gas was 'in the vessel a ; for on charging die 
small balls s and S positively, all the discharge took place 
through the; air ; but on charging them negatively, all the 
discharge took place through the muriatic acid gas. * 

■ool 400. So also, when the conductor n was connected only 
with the muriatic acid gas apparatus, it was found that the 
discharge was more facile when the small ball s was negative 
than when positive; for in the latter case, much of the elec¬ 
tricity passed off as brush discharge through the air from the 
connecting wire p ; but in the former case, it all seemed to 
go trough the muriatic acid. 

1401. The consideration, however, of positive and negative 
discharge across air and other gases will be resumed in the 
, further part of this, or in the next paper. 

! 1402. Here for the present I must leave this part of the 

"/subject, which had for its object only to observe how far 
i gases agreed or differed as to their power of retaining a 
charge on bodies acting by induction through them. All the 
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results conspire to shew that Induction is an action of con¬ 
tiguous molecules (1295. &c.); but besides confirming this, 
the first principle placed for proof in the present inquiry, 
they greatly assist in developing the specific properties of each 
gaseous dielectric, at 'the same time shewing that further 
and extensive experimental investigation is necessary, and 
holding out the promise of new discovery as the reward of 
the labour required. i° 


1403. When we pass from the consideration of dielectrics 
like the gases to .that of bodies having the liquid and solid 
condition, then our reasonings in the present state of the 
subject assume much more of the character of mere supposition. 
Still I do not perceive anything adverse to the theory in' the 
phenomena which sfich bodies present. If we take three 
insulating dielectrics, as air, oil of turpentine and shell-lac and 
use the same balls or conductors at the same intervals in 
these three substances, increasing the intensity of the induc¬ 
tion until discharge take place, w T e shall find that it must be 
raised much higher in the fluid than for the gas, and higher 
still in the solid than for the fluid. Nor is this inconsistent 
with the theory; for with the liquid, though its molecules are 
free to move almost as easily as those of the gas, there are 
many more particles introduced into the given interval; and 
as respects the latter circumstance, the same is the case when 
the solid body is employed. Besides that, the cohesive force 
of the body used will produce some effect; for though the 
production of the polarized states iif the particle of a solid 
may not be obstructed, but, on the contrary, may in some 
cases be even favored (1104. 1344.) by its solidity or other 
circumstances, yet solidity may well exert an influence on the 
point of its final subversion, (just as it prevents discharge :^ 
an electrolyte,) and so enable inductive intensity to rise to a 
much higher degree. 

1404. In the cases of solids and liquids too, bodies may, 
and most prdbablv do, possess specific differences as to their 
ability of assuming the polarized state, and also as to the 
extent to which that polarity must rise before discharge occurs. 
An analogous difference exists in the specific inductive 
capacities already pointed out in a few substances (1278.) in 
the last paper. Such a difference might even account for 
the various degrees of insulating and Conducting power 
possessed by different bodies, and, if it should be found to 
exist, would add further strength to the argument in favor 
of the molecular theory of inductive action. 
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1405. Having considered these various cases of sustained 
insulation in non-conducting dielectrics up to the highest 
point which they can attain, we find that they terminate at 
last in disruptive discharge; the peculiar condition of the 
molecules of the dielectric which was necessary to the con¬ 
tinuous induction, being equally essential tb the occurrence of 
that effect which closes aw the phenomena. This discharge 
is not only in its appearance and condition different to the 
former'inodes by which the lowering of the powers was effected 
(1320. 1343.), but, whilst really the same in principle, varies 
much from itself in certain characters, and thus presents us 
with the forms of spark , brush and glow (135!).). I will first 
consider the spark , limiting it for the present to the case of 
discharge between two oppositely electrified conducting 
surfaces. 

The electric spark or Jlash. 

1406. The spark is a discharge or lowering of the polar¬ 
ized inductive state of many dielectric particles, by a particular 
action of a few of the particles occupying a very small and 
limited space; all the previously polarized particles returning 
to their first or normal condition in the inverse order in which 
they left it, and uniting their powers meanwhile to produce, 
or r'ther to continue, (1417 and 1436.) the discharge effect 
in f nlaee where the subversion of force first occurred. My 
impv , m is, that the few particles situated where discharge 
occurs are not merely pushed apart, but assume a peculiar 
state, a highly exalted condition for the time, i. e. have thrown 
upon them all the surrounding forces in succession, and rising 
up to a proportionate intensity of condition, perhaps equal to 
that of chemically combining atoms, discharge the powers, 
pussibly in the same manner as they do theirs, by some oper¬ 
ation at present unknown to us; and so the eud of the whole. 
The ultimate effect is exactly as if a metallic wire had been 
put into the place of the discharging particles; and it does 
not seem impossible that the principles of action in both cases 
may, hereafter, prove to be the same. 

1407. The path of the spark , or of the discharge, depends 
on the degree of tension acquired by the particles in the line 
of discharge, circumstances, which in every common case are 
very evident and by the .theory easy to understand, rendering 
it higher in them than in their,, neighbours, and, by exalting 
them first to the requisite condition, causing them to detcr- 

, mine on the course of the discharge. Hence the selection of 
jthe path, and the solution of the wonder which Harris has so 
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well described* as existing under the old theory. All is pre¬ 
pared amongst the molecules beforehand, by the prior induc¬ 
tion, for the path either of the electric spark* or of lightning 
itself. L 

1408. The same difficulty is expressed as a principle by 
Nobili for voltaic electricity, almost in Mr. Harris’s words, 
namely,f “ electricity directs itself towards the pointja-here 
it can most easily discharge itself,” and the results dr this as 
a principle he has well wrought out for the case of voltaic 
currents. But the solution of the difficulty, or the proximate 
cause of the effects, is the same: induction brings the parti¬ 
cles up to or towards a certain state (1370.); and by those 
which first attain if, is the discharge first and most efficiently 
performed. 

1409. The moment of discharge is probably determined 
by that molecule of the dielectric which, from the circum¬ 
stances, has its tension most quickly raised lip to the 
maximum intensity. In all cases where the discharge passes 
from conductor to conductor this molecule must be on the 
surface of one of them; but when it passes between a con¬ 
ductor and a non-conductor, it is, perhaps, not always so 
(1453.). When this particle has acquired its maximum ten¬ 
sion, then the whole bariier of resistance is broken down in 
the line or lines of inductive action originating at it, and dis¬ 
ruptive discharge occurs (1370.) : and such an inference, 
drawn as it is from the theory, seems to me in accordance 
with Mr. Harris’s facts and conclusions respecting the resis¬ 
tance of the atmosphere, namely, that it is not really greater 
at any one discharging distance than another 4 

1410. It, seems probable, that the tension of 9 . particle of 
the same dielectric, as air, which is requisite to produce dis¬ 
charge, is a constant quantity , whatever the shape of'the part 
of the conductor with which it is in contact, whether h&il 
or point; whatever the thickness or depth of dielectric 
throughout which induction is exerted; perhaps, even, what¬ 
ever the state, as to rarefaction or condensation of the 
dielectric ; and whatever the nature of the conductor, good 
or bad, with which the particle is for the moment associated. 
In saying so much, I do not mean to exclude small differences 
which may be caused by the reaction of neighbouring par¬ 
ticles on the deciding particle, and indeed, it is evident that 
the intensity required in a particle .must, be related to the 


* Nautical Magazine, 1831, p. 229. 
f llibliothcquc Univcrselle, 1835 lix. 275. 

+ Philosophical Transactions, 1831. pp. 227, 229. 
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condition of those which are contiguous. But if the expecta¬ 
tion should be found to approximate to' truth, what a gener¬ 
ality of characigr it presents ! and, in the definiteness of the 
power possessed by a particular molecule, may we not hope 
to find an immediate relation to the fdree which, being elec¬ 
trical, is equally definite and constitutes chemical affinity ? 

1411. Theoretically it ^ould seem that, at the moment of 
,discha~-gp by the spark in one line of inductive force, not 

merely* would all the other lines throw their forces into this 
one (1400.), but the lattc/al effect, equivalent to a repulsion 
of these lines (1224. 1297.), would be relieved and, perhaps, 
followed by something equivalent to a contrary action, 
amounting to a collapse or attraction of thelc parts. Having 
long sought, for some transverse force in statical electricity, 
which should be the equivalent to magnetism or the transverse 
force of current electricity, and conceiving that it might bo 
connected with the transverse action of the lines of inductive 
force already described (1297.), I was desirous, by various 
experiments, of bringing out the effect of such a force, ami 
making it bear upon the phenomena of electro-magnetism and 
magneto-electricity. 

1412. Amongst other results, I expected arid sought for 
the mutual affection, or even the lateral coalition of two 
similar sparks, if they could he obtained simultaneously side 
by side, and sufficiently near to each other. For this purpose, 
two similar Leyden jars were supplied with rods %f copper 
projecting from their balls in a horizontal direction, the rods 
being about 0’2 of an inch thick, and rounded at the ends. 
The jars were placed upon a sheet of tinfoil, and so adjusted 
that their rods, a and were near togctl*er, in the position 
represented* in plan at fig. 2. c and d were two brass balls 
connected by a brass rod and insulated; e was also a brass 
ball connected, by a wire, with the ground and with the tinfoil 
upon which the Leyden jars were placed. By laying an 
insulated metal rod across from a to h, charging the jars, and 
removing the rod, both the jars could be brought up to the 
same intensity of charge (1370.). Then, making the hall e 
approach the ball d, at the moment the spark passed there, 
two sparks passed between the rods w, o, and the ball c; and 
as far as the eye could judge, or the conditions determine, 
they were simultaneous. 

Under these circumstances two modes of discharge 
* fa place; either each end had its own, particular spark to the 
l€if, or else one end only w ? as Associated by a spark with the 
4 ‘1)all, but was at the same time related to the other end by a 
spark between the two. 
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1414. When the ball c was about an inch in diameter, the 
ends, n and o, about f half an inch from it, aijd about 0*4 of 
an inch from each other, the two sparks to the ball could be 
obtained. When, for the purpose of bringing the sparks 
nearer together, the folds, n and o were brought closer to 
each other, then, unless very carefully adjusted, only one end 
had a spark with the ball, the other having a spark to it; 
and the least variation of position would cause citlipr n or o 
to be the end which, giving the direct spark to the b”!l, was 
also the one through, or by meaus of which, the other discharged 
its electricity. 

1415. On making the ball c smaller, I found that then it 
was needful to make the interval between the n and o larger 
in propotion to the distance between them and the ball c. On 
making c larger, I found I could diminish the interval,, and 
so bring the two simultaneous separate sparks closer together, 
until, at last, the distance between them was not more at the 
widest part than 0.6 of their whole length. 

1416. Numerous sparks were lher\ passed and carefully 
observed. They were very rarely straight, but either curved 
or bent irregularly. In the average of cases they were I think, 
decidedly convex towards each other; perhaps two thirds 
presented more or loss of this effect, the rest bulging more or 
less outwards. I was never able, however, to obtain sparks 
which, separately leaving the ends of the wires n and o, con¬ 
joined into one spark before they reached or communicated 
with the ball c. At present, therefore, though I think I saw 
a tendency in the sparks to unite, I cannot assert it as a fact. 

1417. But there is one very interesting effect here analo¬ 
gous to, and it may be in part the s»mo with, that I was 
searching for; I mean the increased facility of discharge where 
the . spark passes. For instance, in the cases wliere one 
end, as n, discharged the electricity of both ends to the ball 
fig. 2., the electricity of the other end o, had to pass through 
an interval of air 1 -5 times as great as that which it might 
have taken, by its direct passage between the end and the ball 
itself. In such cases, the eye could not distinguish, even by 
the use of Wheatstone’s means*, that the spark from the 
end ii which contained both portions of the electricity, was a 
double spark. It could not have consisted of two sparks taking 
separate courses, for such an effect would have been visible 
to the eye ; but it is just possible, that the spark of the firSt 
end n and its jar, passing at the stnallest interval of time 
before that of the other o, had heated and expanded the air in 


* Philosophical Transactions, 183*4, pp. 581, 585. 
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its course, and made it so much more favorable to discharge, 
that the electricity of the end o preferred leading across to it 
and taking a vdry circuitous route, rather than the more 
dirict one to the ball. It must, howpver, be remarked, in 
answer to this supposition, that the one spark between d and e 
would, by its influence, tend to produce simultaneous dis¬ 
charges at n and'o, and certainly did so, when no preponder¬ 
ance wa§ given to one wire over the other, as to the previous 
inductive effect (1414.). • 

1418. The fact, however, is, that disruptive discharge is 
favorable to itself. It is at the outset a case of tottering 
equilibrium : and if time be ail element in discharge, in how¬ 
ever minute a proportion (143(3.), then the commencement of 
the act at any point favors its continuance and increase there, 
and portions of power will be discharged by a course which 
they would not otherwise have taken. 

1419. The mere heat and expansion of the air itself by the 
the first portion of electricity which passes, must have a great 
influence in producing this result. 

1420. As to the result itself, wo see its influence in every 
spark that passes; for it is uot the whole quantity which 
passes that determines the discharge, but merely that small 
portion of force which brings the deciding molecule (1370.) 
up to its maximum tension; then when its forces are subver¬ 
ted and discharge begius, all the rest passes by. the same 
course, from the influence of the favoriug circumstances just 
referred to; and whether it be the electricity on a square inch, 
or a thousand square inches of charged glass, the discharge 
is complete. Hereafter we shall find the influence of this 
effect in thp formation* oftbrushes (1435.); and it is not im¬ 
possible that we may trace it producing the jagged spark 
and the forked lightning. 

1421. The characters of the electric spark in different 
gases vary, and the Variation may be due simply to the effect 
of the heat evolved at the moment. But it may also be due 
to that specific relation of the particles and the electric forces 
which I have assumed as the basis of a theory of induction ; 
the facts do not oppose such a view ; and in that view, the 
variation strengthens the argument for molecular action, as it 
would seem to shew the influence of the latter in every part 
of the electrical effect (1423, 1454). 

1422. The appearances of the sparks in different gases 
have often been observed »an<J recorded, * but I think it not 


* See Van Alarum's description of the Teylcrian Machine, vol. i p. M2, 
and vol. ii. p, 196, ; also Ency. Britan, vol. vi., Article Electricity, pp. 505.507. 

Vol. V.—So. 27, September , 1840. Y 
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out of place to notice briefly the following results; they wore 
obtained with balls "of brass, (platina surfaces would have 
been better,) and at common pressures. In'oir, the sparks 
have that intense light and bluish colour which are so well 
known, and often have faint or dark parts in their course, 
when the quantity of electricity passing is not great. In 
nitrogen, they are very beautiful, having the same general 
appearance as in air, but have decidedly more colour of a 
bluish or purple character, and I thought were remarkably 
sonorous. In oxygen, the sparks were whiter than in air or 
nitrogen, and I think not so brilliant. In hydrogen, they had 
a very fine crimson colour, not due to its rarity, for the cha¬ 
racter passed away as the atmosphere was rarefied (1459.).* 
Very little sound was produced in this gas; but that is a con¬ 
sequence of its physical condition.! - In carbonic acid gas, 
the colour was similar to that of the spark in air, but with a 
little green in it: the sparks were remarkably irregular in 
form, more so than in common air: they could also, under 
similar circumstances as to size of ball, &c. be obtained much 
longer than in air, the gas shewing a singular readiness to 
pass the discharge in the form of spark. In muriatic acid 
gas, the spark was nearly white : it was always bright through¬ 
out, never presenting those dark parts which happen in air, 
nitrogen, and some other gases. The gas was dry, and during 
the whole experiment the surface of the glass globe within 
remained quite dry and bright. In coal gas , the spark was 
sometimes green, sometimes red, ami occasionally one part 
was green and another red. Black, parts also occur very 
suddenly in the liqp of the spark, i. o. they are not connected 
by any dull part with bright portions, but the two seem to 
join directly oue with the other. 

1423. These varieties of character impress my miiid with a 
feeling, that they are due to a direct relation of the electric 
powers to the particles of the dielectric through which the 
discharge occurs, and arc not the mere results of a casual 
ignition or a secondary kind of action of the electricity, upon 
the particles which it finds in its course and thrusts aside in 
its passage (1454.). 

1424. The spark may bo obtained in media which are far 
denser than air, as in oil of turpentine, olive oil, resin, glass, 
&c.: it may also be obtained in bodies which being denser 
likewise approximate to the condition of conductors, as sper- 

r k 


* Van Marurn, says they aroaVmt four 
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maceti, water,^&c. But in these cases,^nothing occurs whicli, 
as far as I can.perceive, is at all hostile to the general views 
I have endeavored to advocate. 

•i 

The electrical brush. , 

1425. The brush is the next form of disruptive discharge 
v which_ i will consider. There are many ways of obtaining it, 
or rather of exalting its characters; and all these ways illus¬ 
trate the principles upon which it is produced. If an insulated 
conductor, connected with the positive conductor of an elec¬ 
trical machine, have a metal rod 0*3 of an* inch in diameter, 
projecting from it outwards from the machine, and terminating 
by a rounded end or a small ball, it will generally give good 
brushes ; or, if the machine be not in good action, then many 
ways of assisting the formation of the brush can he resorted 
to; thus, the hand, or any large conducting surface may be 
approached towards the termination to increase inductive 
force (1374.): or the termination may be smaller and of 
badly conducting matter, as wood: or sparks may be taken 
between the prime conductor of the machine and the secondary 
conductor to which the termination giving brushes belongs : 
or, w hich gives to the brushes exceedingly fine characters and 
great magnitude, the air around the termination may be 
rarefied more or less, either by beat or the air pump; the 
former favorable circumstances being also continued, 

1120. The brush when obtained by a powerful machine on 
a ball about 0*7 of an inch in diameter, at the end of a long 
brass rod attached to the positive prime conductor, had the 
general appearance asT'to form represented In fig. 3.: a short 
conical bright part or root appeared at the middle part of the 
hall projecting directly from it, which at a little distance ’from 
the ball, broke out suddenly into a wide brush of pale rami 
fications having a tjuivering motion, and bfeing accompanied 
at the same time with a low dull chattering sound. 

1427. At first the brush seems continuous, hut Professor 
Wheatstone has shewn that the whole phenomenon consists 
of successive intermitting discharges.* If the eye bo passed 
rapidly, not by a motion of the head, but of the eyeball itself, 
across the direction of the brush, by first looking steadfastly 
about 10° or 15° above, and then instantly as much below it, 
the general brush will be resolved into a number of individual 
brushes, standing in a row' upon the line which the eye passed 
over; each elementary brush being the result of a single dis- 


* Pliilosoph’cal Transactions, 1831, p. 386. 



172 Dr. Faradays Researches in Electricity. 

charge, and the spa£e between them representing both the 
time during which the eye was passing over that space, and 
that which elapsed between one discharge and another. 

1428. The single brushes could easily be separated to eight 
or ten times their Qwn width, but were not at the same time 
extended, i. e. they did not become more indefinite in shape, 
hut, on the contrary, less so, each being more distincUn form- 
ramification, and character, because of its separation from'ttic 
from the others, in its effects* upon the eye. Each, therefore, 
was instantaneous in its existence (1430.). Each had the 
conical root complete (1420.). 

1429. On using a smaller ball, the general brush was smaller, 
and the sound, though weaker, more continuous. On resolv¬ 
ing the brush into its elementary parts, as before, these were 
found to occur at mv.ch shorter intervals than in the former 
ease, but still the discharge was intermitting. 

1430. Employing a wire with a round end, the brush was 
still smaller, but, as before, separable into successive dis¬ 
charges. The sound, though feebler, was higher in pitch, 
being a distinct musical note. 

1431. The sound is, in fact, due to the recurrence of the 
noise of each separate discharge, and these, happening at in¬ 
tervals nearly equal under ordinary circumstances, cause a 
definite note to be heard, which rising in pitch with the in¬ 
creased rapidity and regularity of the intermitting discharges, 
gives a ready and accurate measure of the intervals, and so 
may be used in any case when the discharge is heard, even 
though the appearances may not be, seen, to determine the 
element of time. • So, also, when, by bringing the hand to¬ 
wards a projecting rod or ball, the pitch of the tone produced 
by a brusliy discharge increases, the effect informs u$ that we 
have increased the induction (1374.), and by that means in¬ 
creased the rapidity of the alternations of charge and dis¬ 
charge. 

1432. By using wires with finer terminations, smaller brushes 
were obtained, until they could hardly be distinguished as 
brushes; but as long as sound was heard, the discharge could 
be ascertained by the eye to be intermitting; and when the 
sound ceased, the light became continuous as a glow (1359. 
1405.). 

1433. To those not accustomed to use the eye in the manner 
I have described, or, in cases where the recurrence is too quick 
for any unassisted eye, the 1 beautiful revolving mirror of 
Processor Wheatstone* will be useful for such developments 

x Philosophical Transactions, 1831, pp. 584,585. 
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of condition as those mentioned abovA Another excellent 
process is to prpduce the brush or other luminous phenomenon 
on the end of a rod held in the hand opposite to a charged 
positive or negative conductor, and then move the rod rapidly 
from side to side whilst the eye remains still. The successive 
discharges 6ccur of course in different places, and the state of 

s things before, at, and after a single coruscation or brush can 
*bV$xcceding well separated. 

1434. The brush is in a reality a discharge between a bad 
or a non-conductor and either a conductor or another non¬ 
conductor. Under common circumstances, the brush is a 
discharge between a conductor and air, and 1 conceive it to 
take place in some thing like the following manner. When 
itke end of an electrified rod projects into the middle of a room 
induction takes place between it and tljc walls of the room, 
across the dielectric, air; and the lines of inductive force 
accumulate upon the end in greater quantity than elsewhere, 
or the particles of air at the end of the rod are more highly 
polarized than those at any other part of the rod, for the 
reasons already given (1374.). The particles of air situated 
in sections across these lines of force are least polarized in 
sections towards the walls, and most polarized in those nearer 
to the end of the wires (13(59.) : thus, it may well happen, 
that a particle at the end of the wire is at a tension that will 
immediately terminate in discharge, whilst in those even only 
a few inches off, the tension is still beneath that point. But 
suppose the rod to be charged positively, a particle of air A, 
fig. 4. next it, being polarized, and having of course its nega¬ 
tive force directed towards the rod aryl its positive force 
outwards ;*the instanPthat discharge takes place between the 
positive force of the particle of the rod opposite the air and 
the negative force of the particle of air towards the roti, the 
whole particle of air becomes positively electrified; and when, 
the next instant, the discharged part of the rod resumes its 
positive state, by conduction from the surface of metal behind, 
it not only acts on the particles beyond A, by throwing A 
into a polarized state again, but A itself, because of its 
charged state, exerts a distinct inductive act towards these 
further particles, and the tension is consequently so'much 
exalted between A and B, that discharge takes place there 

. also, as well as again between the metal and A. 

1435. In addition to* this effect, it has been shewn, that, 
the act of discharge having once commenced, the whole oper¬ 
ation, like a case of unstable equilibrium, is hastened to a 
conclusion (1370. 1418.), the rest of the act being facilitated 
in its occurrence, and other electricity than that which caused 
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the first necessary tension hurrying to the spot. When, there¬ 
fore, disruptive discharge has once coinmencQcl at the root of 
a brush, the electric force which has been accumulating in the 
conductor attached to the rod, finds a more ready discharge 
there than elsewhere, and will at once follow the course 
marked out as it were for it, thuS leaving the conductor in a 
partially discharged state, and the air about the end of the» 
wire in a charged condition; and the time necessary fijrlflsT 
toring the full charge of the^ondu<;tor, and the dispersion of 
the charged air in a greater or smaller degree, by the joint 
forces of repulsion from the conductor and attraction towards 
the walls of the rtfom, to which its inductive action is directed 
is just that time which forms the iuterval between brush aud 
brush (1420. 1427. 1431.) 

1430. The words pf tin's description are long, but there is 
nothing in the act or the forces on which it depends to prevent 
its being instantaneous , as far as we can estimate and mea¬ 
sure it. The consideration of time is, however, important in 
several points of view (1418.), and in reference to disruptive 
discharge, it seemed from theory far more probable that it 
might be detected in a brush than in a spark, for in a brush, 
the particles in the line through which the discharge passes 
are in very different states as to intensity, and the discharge 
is already complete in its act at the root of the brush, before 
the particles at the extremity of the ramifications have yet 
attained their maximum intensity. 

1437. I consider brush discharge as, probably, a successive 
effect in this way. Discharge begins at the root (1426.), and, 
extending itself in succession to all pajjs of the single brush, 
continues to go on at the root and the previously farmed parts 
until .the whole brush is complete; then, by the fall in inten¬ 
sity and power at the conductor, it ceases at once in ail parts, 
to be renewed, when that power has risen again to a sufficient 
degree. But in a spark, the particles in the line of discharge 
being, from the circumstances, nearly alike in their intensity 
of polarization, suffer discharge so nearly at the same moment 
as to make the time quite insensible to us. 

1438. Mr. Wheatstone lias already made experiments which 
fully illustrate this* point. He found that the brush generally 
had a sensible duration, but that with his highest capabilities 
he could not detect any such effect in the spark.* I repeated 
his experiment on the the brush, though with more imperfect 
means, to ascertain whether could distinguish a longer 
duration in the stem or root of, the brush than in the ex- 




* Philosophical Transactions, 1830. pp 58t», 590. 
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tremities, and the appearances were jfcuch as to make me 
think an effect’of this kind was produced. 

1439. That the discharge breaks into several ramifications, 
and by them passes through portions of air alike, or nearly 
alike, as to polarization and the degree of tension the particles 
there have 1 ' acquired, is a very natural result of the previous 
state of things, and sooner to be expected than that the dis- 
ck-irp'e should continue to go straight out into spaee in a 
single line amongst those jpartieles which, being at a distance 
from the end of the rod, are in a lower state of tension than 
those which are near: and whilst wo cannot but conclude, 
that those parts where the branches of a single brush appear, 
arc more favorably circumstanced for discharge than the 
darker parts between the ramifications, wc may also conclude, 
that in those parts where the light of epneomitant discharge 
is equal, there the circumstances are nearly equal also. The 
single brushes are by no means of the same particular shape 
even when they are observed without displacement of the rod 
or surrounding objects (1427. 1433.), and the successive dis¬ 
charges may be considered as taking place into the mass 
of air around, through different roads at each brush, according 
as minute circumstances, as dnst, &e. (1391. 1392.) may 
have favored the course by one set of particles rather than 
another. 

1440. Brush discharge does not essentially require any 
current of the medium in which the brush appears : the cur¬ 
rent almost always occurs, but is a consequence of the brush, 
and will be considered hereafter. On holding a blunt point 
positively charged towards uninsulated water, a star or glow 
appeared on the point, lt a current of air passed from it, and the 
surface of the water was depressed; but on bringing the 
point so near that sonorous brushes passed, then the current 
of air instantly ceased, and the surface of the water became 
level. 

1441. The discharge by a brush is not to all the particles 
of air that are near the electrified conductor from which the 
brush issues ; only those parts where the ramifications pass 
are electrified: the air in the central dark parts between them 
receives no charge, and, in fact, at the time of,discharge, has 
its electric and inductive tension considerably lowered. For 
consider fig. 14. to represent a single positive brush;—the 
induction before the diseharge is from the end of the rod out¬ 
wards, in diverging lines tdwa/ds the distant conductors, as 
the walls of the room } &c., and a particle at a has polarity of 
a certain degree of tension, and tends with a certain force to 
become charged; but at the moment of discharge, the air in 
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the ramifications b aiAi d, acquiring also a positive state, op¬ 
poses its influence to mat of the positive conductor on a , and the 
tension of the particle at a is therefore diminished rather than 
increased. The charged particles at b and d are now induc¬ 
tive bodies, but their lines of inductive action are still outwards 
towards the walls of the room ; the direction of the polarity 
and the tendency of other particles to charge from these, being, 
governed by, or in conformity with, these lines of force,, ra' 

t 

1442. The particles that arc charged are probably very 
highly charged, but, the medium being a non-conductor, they 
cannot communicate that state to their neighbours. They 
travel, therefore, under the influence of the repulsive and 
attractive forces, from the charged conductor towards the 
nearest uninsulated conductor, or the nearest body in a differ¬ 
ent state to themselves, just as charged particles of dust would 
travel, and are then discharged; each particle acting, in its 
course, as a centre of inductive force upon any bodies near 
which it may come. 

1443. The travelling of these charged particles when they are 
numerous, causes wind and currents, but these will come into 
consideration under carrying discharge (1319.). When air is 
said to be electrified, and it frequently assumes this state near 
electrical machines, it consists, according to my view, of a 
mixture of electrified and un-electrified particles, the latter 
being in very large proportion to the former. When we 
gather electricity from air by a flame or by wires, it is 
cither by the actual discharge of these, particles, or by effects 
dependent on they: inductive action, a case of either kind 
being produeeable a pleasure. Thdt the law f of equality 
between the two forces or forms of force in inductive action is 
as strictly preserved in these as in other cases, is fully shewn 
by the fact, formerly stated (1173. 1174.), that, however 
strongly air in a Vessel might be charged positively, there was 
an exactly equal amount of negative fqrce on the iuner sur¬ 
face of the .vessel itself, for no residual portion of either the 
one or the other electricity could be obtained. 

1444. I have nowhere said, nor does it follow, that the air 
is charged ionly where the luminous brush appears. The 
charging, may extend beyond those parts which are visible, i. e. 
particles to the right or left of the lines of light may receive 
electricity, the parts which are lumindus being so only because 
much electricity is passing By 0iem to other parts (1437.); 
just as in a spark discharge the light i$ greater as more elec¬ 
tricity passes, though it has no necessary relation to the 
quantity required to commence discharge (1370. 1420.). 
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lienee the form we see in a brush may hy no means represent 
the whole quantity of air electrified ; fo“ ail invisible portion, 
clothing the visible form to a certain depth, may, at the same 
time, receive its charge. 

1445. Several effects which I have' met with in muriatic 


acid gas tend to make me believe, that gaseous body allows 
of a dark discharge. At the same time, it is quite clear from 
theory, that in some gases, the reverse of this may occur, i. e. 
thaTtvie charging of the air may not extend even so far as the 
light. We do not know au yet enough of the electric light to 
be able to state on what it depends, and it is very possible 
that, when electricity bursts forth into air, ad the particles of 
which are in a state of tension, light may be evolved by such 
as, being very near to, are not of, those which actually receive 
it charge at the time. 

1446. The further a brush extends in a gas, the further no 
doubt is the charge or discharge carried forward; but this 
may vary between different gases, and yet the intensity re¬ 
quired for the first moment of discharge not vary in the same, 
but in some other proportion. Thus with respect to nitrogen 
and muriatic acid gases, the former, as far as my experiments 
have proceeded, produces far finer and larger brushes than 
the latter (1458. 1462.), but the intensity required to com¬ 
mence discharge is much higher for the latter than the former 
(1395.). Here again, therefore, as in many other qualities, 
specific differences are presented by different gaseous dielec¬ 
trics, and so prove the special relation of the latter to the act 
and the phenomena of induction. 

1447. To sum up these considerations respecting the 
character and conditionvaf the brush, I nufy state that it is a 
spark to air !* a diffusion of electric force to matter, not by con¬ 
duction, but disruptive discharge ; a dilute spark which, pass¬ 
ing to very badly conducting matter, frequently discharges 
but a small portion of tlie power stored up in the conductor ; 
for as the air charged reacts on the conductor, whilst the, con¬ 
ductor, by loss of electricity, sinks in its force, the discharge 
quickly ceases, until by the dispersion of the charged air and 
the renewal of the excited conditions of the conductor, circum¬ 
stances have risen up to their first effective condition, again to 
cause discharge, and again to fall and rise. 

1448. The brush and spark gradually pass into one another. 

Making a small ball positive by a good electrical machine 
with a large prime conductor,, and approaching a large 
uninsulated discharging ball towards it, vciy beautiful 
variations from the ^ spark to the brush may be ob¬ 
tained. The drawings of long and powerful sparks, given by 
Vol. V.—No. 27, &U'jit'mber, 1840. Z 
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Van Marum,* Harriet and others, also indicate the same 
phenomena. As far*as I have observed, whenever the spark 
has been brushy in air of common pressures the whole of the 
electricity has not been discharged, hut only portions of it, 
more or less according' to circumstances : whereas, whenever 
the effect has been a distinct spark throughout t]je whole of 
its course, the discharge has been perfect, provided no inter¬ 
ruption had been made to it elsewhere, in the discharging 
circuit, than where the spark occurred. *** 

1449. When an electrical brush from an inch to six inches 
in length or more is issuing into free air, it has the form given, 
fig. 3. But if the hand, a ball, or any knobbed conductor be 
brought near, the extremities of the coruscations turn towards 
it and each other, and the whole assumes various forms 
according to circumstances, as in figs. 5, 6, and 7. The-L- 
fluence of the circirtnstances in each case is easily traced, and 
I might describe it here, but that l should be ashamed to oc¬ 
cupy the time of the Society in things so evident. But how 
beautifully does the curvature of the ramifications illustrate 
the curved form of the lines of inductive force existing pre¬ 
vious to the discharge! for the former are consequences of 
the latter, and take their course, in each discharge, where 
the previous inductive tension had been raised to the proper 
degree. They represent these curves just as well as iron 
filings represent mignetic curves, the visible effects in both 
cases being the consequences of the action of the forces in 
the places where the effects appear. The phenomena, there¬ 
fore, constitute additional and powerful testimony (1216. 
1230.) to that already given in favor Both of induction through 
dielectrics in curved lines (1231.), ai?' J of the lateral relation 
of these lines, by an effect equivalent to a repulsion pro¬ 
ducing divergence, or, as in the cases figured, the bulging 
form. 

1450. In reference to the theory of molecular inductive 
action, I may also add here, the proof deducible from the long 
brushy ratifying spark which may be obtained between a 
small ball on the positive conductor of an electrical machine, 
and a larger one at a distance (1448.). What a fine illustra¬ 
tion that spark affords of the previous condition of all the 
particles of the dielectric between the surfaces of discharge, 
and how unlike the appearances arc to any which would be 
deduced from the theory which assumes inductive action to be 


* Description of the Tcylurian machine, vol. i. pp. ‘28.32.; vol. ii. p. 226. &c. 
f Philosophical Transactions, 1H3-1. p. 213. 
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action at a distance, in straight lines jmly; and charge, as 
being electricity retained upon the sur^ce of conductors by 
the mere pressure of the atmosphere ! 


- v 

1451. When the brush is obtained in rarefied air, the ap¬ 
pearances vary greatly, according to circumstances, and are 
■ exceedingly beautiful. Sometimes a brush may be formed of 
only 'hi x or seven branches, these being broad and highly 
luminous, of a purple colour, and in some parts an inch or 
more apart:—by a spark discharge at the prime conductor 
(1455.) single brushes may be obtained at pleasure. Dis¬ 
charge in the form of a brush is favored by rarefaction of the 
air, in the same manner and for the same reason as discharge 
in the form of a spark (1375.) ; but in every case there is pre¬ 
vious induction and charge through the dielectric, and polarity 
of its particles (1437.), the induction being, as in any other 
instance, alternately raised by the machine and lowered by the 
discharge. In certain experiments the rarefaction was in¬ 
creased to the utmost degree, and the opposed conducting 
surfaces brought as near together as possible without produc¬ 
ing the glow: the brushes then contracted in their lateral 
dimensions, and recurred .so rapidly as to form an apparently 
continuous arc of light from metal to metal. Still the dis¬ 
charge could be observed to intermit (1427.), so*that even 
under these high conditions, induction preceded each single 
brush, and the tense polarized condition of tho contiguous 
particles was a necessary preparation for the discharge itself. 

1452. The brush form of disruptive discharge may be ob¬ 
tained not only in airland gases, but also in much denser 
media. I procured it in oil of turpentine from the end of a 
wire goikg through a glass tube into the fluid contained in a 
metal vessel. The brush was small and very difficult to obtain; 
the ramifications were simple, and stretched out from each 
other diverging very much. The light was exceedingly feeble, 
a perfectly dark room being required for its gbservation. 
When a few solid particles, as of dust or silk, were in the 
liquid, the brush was produced with much greater facility. 

1453. The running together or coalescence of different lines 
of discharge (1412.) is very beautifully shewn in the brush in 
air. This point may present a little difficulty to those who 
are not accustomed to see in every discharge an equal exertion 
of power in opposite directions, 4 a positive brush being con¬ 
sidered by such (perhaps in consequence of the common 
phrase direction of a current) as indicating a breaking forth 
in different directions of the original force, rather than a 
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tendency to convergence and union in one line of passage. 
But the ordinary case of the brush inay be compared, for its 
illustration, with that in which, by holding the knuckle oppo¬ 
site to highly excited glass, a discharge occurs, the ramifica¬ 
tions of a brush then leading from the glass and converging 
into a spark on tl\e knuckle. Though a difficulty experiment 
to make, it is possible to obtain discharge between highly 
excited shell-lac and the excited glass of a machine : when 
the discharge passes, it is, from the nature of the charged 
bodies, brush at each end and spark in the middle, beautifully 
illustrating that tendency of discharge to facilitate like action, 
which, I have described in a former page (1418.). 

1454. The brush has specific characters in different gases, 
indicating a relation to the particles of these bodies even in a 
stronger degree than the spark (1422. 1423.). This effect is 
in strong contrast with the non-variation caused by the use of 
different substances as conductors from which the brushes are 
to originate. Thus, using such bodies as wood, card, char¬ 
coal, nitre, citric acid, oxalic acid, oxide of load, chloride of 
lead, carbonate of potassa, potassa i’uso, strong solution of 
potash, oil of vitriol, sulphur, sulplmret of antimony, and 
haematite, no variation in the character of the brushes was 
obtained, except that (dependent upon their effect, as better 
or worse conductors) of causing discharge with more or less 
readiness and quickness from the machine.* 

1455. *riie following are a few of the effects I observed in 
different gases at the positively charged surfaces, and with 
atmospheres varying in their pressure. The general effect of 
rarefaction was the same for all the* gases: at first., sparks 
passed; these gradually were converted into brushes, which 
became larger and more distinct in their ramificat ions, until, 
upon further rarefaction, the latter began to collapse and 
draw in upon each other, till they formed a stream across from 
conductor to conductor: then a few lateral streams shot 
out towards the glass of the vessel from the conductors; 
these became thick, flossy, and soft in appearance, and 
were succeeded by the full constant glow which covered 
the discharging wire. The phenomena varied with the size 
of the vessel (1477.), the degree of rarefaction, and the dis¬ 
charge of electricity from the machine. When the latter was 
in successive sparks, they were most beautiful, the effect of a 
spark from a small machiuc being eqyal to, and often surpass- 


* Exception must, of course, be made of those cases where the root of the 
brush, becoming a spark, causes a little diffusion or even decomposition of 
the matter there, and so gains more or less of a particular colour at that part.' 
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i»g, that produced by the constant discharge of a far more 
powerful one. 

1456. Air .—Fine positive brushes are easily obtained in 
air at common pressures, and possess the well-known pur¬ 
plish light. When the air is rarefied]? the ramifications are 
very long, filling the globe (1477.), the light is greatly in¬ 
creased, and is of a beautiful purple colour, with an occasional 
rose tint in it. 

14,7 7. Oxygen .—At common pressures, the brush is very 
close and compressed, and of a dull whitish colour somewhat 
purplish, but all the characters very poor compared to those 
in air. 

1458. Nitrogen gives brushes with great facility at the 
positive surface, far beyond any other gas I have tried : they 
are -almost always fine in form, light, and colour, and in rare¬ 
fied nitrogen are magnificent. They surpass the discharges 
in any other gas as to the quantity of light evolved. 

1451). Hydrogen , at common pressures, gave a better brush 
than oxygen, but did not equal nitrogen; the colour was 
greenish grey. In rarefied hydrogen, the ramifications were 
very fine in form and distinctness, but pale in colour, with a 
soft and velvety appearance, and not at all equal to those in 
nitrogen. In the rarest state of the gas, the colour of the 
light was a pale grey green. 

1460. Coal gas .—The brushes were rather difficult to pro¬ 
duce, the contrast with nitrogen being great in this respect. 
They were short and strong, generally of a greenish colour, 
and possessing much of the spark character: for, occurring 
on both the positive and negative terminations, often when 
there was a dark interval, of some length .between the two 
brushes, still the quick, sharp sound of the spark was pro¬ 
duced, as v if the discharge had been sudden through this gas, 
and partaking, in that respect, of the character of a spark. 
In rare coal gas, the forms were better, but the light very 
poor and the colour grey. 

1461. Carbonic acid gas produces a very poor brush at 
common pressures, as regards either size, light, or colour; 
and this is probably connected with the tendency which this 
gas has to discharge the electricity as a spark (1422.). 
In rarefied carbonic acid, the brush is better in form, but 
weak as to light, being of a dull greenish or purplish hue, 
varying with the pressure and other circumstances. 

1462. Muriatic acid gas _,-It is very difficult to obtain the 

brush in this gas at common pressures. On gradually in¬ 
creasing the distance of the rounded ends, the sparks sud¬ 
denly ceased when the interval was about an inch, and the 
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discharge, which was still through the gas in the globe, was 
silent and dark. Occasionally a very short brush could for 
a few moments be obtained, but it quickly disappeared again. 
Even when the intermitting spark current (1455.) from the 
machine was used, %till I could only with difficulty obtain a 
brush, and that very short, though 1 used rods yith rounded 
terminations (about 0-25 of an inch in diameter) which had 
before given them most freely in air and nitrogen. During' 
the time of this difficulty with the muriatic gas, magffiBcent 
brushes were passing off from different parts of the machine 
into the surrounding air. On rarefying the gas, the forma¬ 
tion of the brus|i was facilitated, but it was generally of a low 
squat form, very poor in light, and very similar on both the 
positive and negative surfaces. On rarefying the gas still 
more, a few large ramifications were obtained of a pale bluish 
colour, utterly unlike those in nitrogen. 

1463. In all the gases, the different forms of disruptive 
discharge may bo linked together and gradually traced from 
one extreme to the other, i. e. from the spark to the glow 
(1405.), or, it may be, to a still further condition to be called 
dark discharge ; but it is, nevertheless, very surprising to see 
what a specific character each keeps whilst under the pre¬ 
dominance of the general law. Thus, in muriatic acid, the 
brush is very difficult to obtain, and there comes in its place 
almost $ dark discharge, partaking of the readiness of the 
spark action. Moreover, in muriatic acid, I have never ob¬ 
served the spark with any dark interval in it. In nitrogen, 
the spark readily changes its character into that of brush. 
In carbonic acid gas, there seems to be a facility to occasion 
spark discharge, •whilst yet that gau. is unlike nitrogen in the 
facility of the latter to form brushes, and unlike c muriatic acid 
in*its own facility to continue the spark. These differences 
add further force, first to the observations already made re¬ 
specting the sperk in various gases (1422. 1423.), and then, 
to the proofs dcducihlc from it, of the relation of the electri¬ 
cal forces to the particles of matter. 

1464. The peculiar characters of nitrogen in relation to 
the electric discharge (1422. 1458.) must, evidently, have 
an important influence over the form and even the occurrence 
of lightning. Being that gas which most readily produces 
coruscations, and, by them, extends discharge to a greater 
distance than any other gas tried,, it is also that which con¬ 
stitutes four fifths of our atiposphere ; and as, in atmospheric 
electrical phenomena, one, and sometimes both the inductive 
forces are resident on the particles of the air, which, though 
probably affected as to conducting power by the aqueous 
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particles in it, cannot bo considered as ajgood conductor so, 
the peculiar powfcsr possessed by nitrogen, to originate and 
effect discharge nn the form of a brush hr of ramifications, 
has, probably, an important relation to its electrical service in 
nature, as it most seriously affects the character anti condition 
of the dischtygc when made. The whole subject of discharge 
from and through gases is a most important one to science, 
and, if only in reference to atmospheric electricity, dcserver 
extensile and close experimental investigation. 

Difference of discharge at the positive and negative 

conducting surfaces. 

1465. I have avoided speaking of this well-known pheno¬ 
menon more than was quite necessary, that I might bring 
together here what 1 have to say on the subject. When the 
brush discharge is observed in air at the positive and negative 
surfaces, there is a very striking difference, the true and full 
comprehension of which would, no doubt, be of the utmost 
importance to the physics of electricity; it would throw great 
light on our present subject, i. e. the molecular action of die¬ 
lectrics under induction, and its consequences, and seems 
very open to, and accessible by, experimental inquiry. 

1466. The difference in question used to be expressed in 
former times by saying, that a point charged positively gave 
brushes into the air, whilst the same point charged negatively 
gave a star. This is true only of bad conductors, or of 
metallic conductors charged intermittingly, or otherwise con¬ 
trolled by collateral induction.* If metallic points project 
freely into the air, the positive and negative light upon them 
differ very little in appearance, and the difference can be ob¬ 
served onjy upon close examination. 

1467. The effect varies exceedingly under different circum¬ 
stances, but, as we must set out from some position, may 
perhaps be stated thus: if a metallic wire with a rounded 
termination in free air be used to produce the brushy dis¬ 
charge, then the brushes obtained when the wire is charged 
negatively are very poor and small, by comparison with those 
produced when the charge is positive. Or if a large metal 
ball connected with the electrical machine be charged posi¬ 
tively, and a fine uninsulated point be gradually brought to¬ 
wards it, a star appears on the point when at a considerable 
distance, which though it becomes brighter, does not change 
its form of a star until it is closte up to the ball: whereas, if 
the ball be charged negatively, the point at a considerable dis¬ 
tance has a star on it as before; hut when brought nearer* 



184 


Dr. Faraday’s Researches in Electricity. 

(in my case to the (distance of li- inch,) a brush formed on 
it, extending to the negative ball; and when still nearer, 
(at ] H - of an inch distance,) the brush ceased, find bright sparks 
passed. These variations, I believe, include the whole series 
of differences, and tliev seem to shew at once, that thenegative 
surface tends to jrctain its discharging character unchanged, 
whilst the positive surface, under similar circumstances, per¬ 
mits of great variation. . ■ 

1468. There are several points in the character *ut the 
negative discharge to air which it is important to observe. A 
metal rod, 0-3 of an inch in diameter, with a rounded end 
projecting into the air, was charged negatively, and gave a 
short noisy brush (fig. 8 ). It was ascertained both by sight 
(1427. 1433.) and sound (1431.), that the successive dis¬ 
charges were very rapid in ihcir recurrence, being seven or 
eight times more numerous in the same period, than those 
produced when the rod was charged positively to an equal 
degree. When the rod was positive, it was easy, by working 
the machine a little quicker, to replace the brush by a glow 
(1405. 1463.), but when it was negative no efforts could pro¬ 
duce this change. Even by bringing the hand opposite the 
wire, the only effect was to increase the number of brush dis¬ 
charges in a given period, raising at the same time the sound 
to a higher pitch. 

1465). .A point opposite the negative brush exhibited a star, 
and as it was approximated caused the size and sound of the 
negative brush to diminish, and, at last, to cease, leaving the 
negative end silent and dark, yet effective as to discharge. 

1470. When the round end of a smaller wire (fig. 9.) was 
advanced towards the negative brush, it (becoming positive 
by induction) exhibited the quiet glow at 8 inches distance, 
the negative brush continuing. When nearer, tire pitch of 
the sound of the negative brush rose, indicating quicker inter- 
mittences (1431*); still nearer, the positive end throw off 
ramifications and distinct brushes ; at the same time, the nega¬ 
tive brush contracted in its lateral directions and collected 
together, giving a peculiar narrow longish brush, in shape 
like a hair pencil, the two brushes existing at once, but very 
different in their form and appearance, and especially in the 
more rapid recurrence of the negative discharges than of the 
positive. On using a smaller positive wire for the same ex¬ 
periment, the glow first appeared op it, and then the brush, 
the negative brush being affected at the same time; and the 
two at one distance became exceedingly alike in appearance, 
and the sounds, 1 thought, were in unison; at all events they 
were in harmony, so that the intermissions of discharge were 
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cither isochronous, or a simple ratio eJtsted between the in¬ 
tervals. With higher action of the machine, the wires being 
retained unaltered, the negative surface would become dark 
and silent, and a glow appear on the, positive one. A still 
higher action changed the latter into a Spark. Finer positive 
wires gavo»*other variations of these effects* which I must not 
allow myself to go into here. 

1471. A thinner rod was now connected with the negative 
conductor in place of the larger one (1408.), its termination 
being gradually diminished to a blunt point, as in fig. 10, ; and 
it was beautiful to observe that, notwithstanding the variation 
of the brush, the same general order of effects was produced. 
The end gave a small sonorous negative brush, which the 
approach of the hand or of a large conducting surface did not 
alter, until it was so near as to produce a spark. A fine 
point opposite to it was luminous at a distance ; being nearer 
it did not desfroy the light and sound of the negative brush, 
hut only tended to have a brush produced on itself, which, at 
a still nearer distance, passed into a spark joining the two 
surfaces. 

1472. When the distinct negative and positive brushes aro 
produced simultaneously in relation to each other in air, the 
former almost always has a contracted form, as in fig. 11., 
very much indeed resembling the figure which the positive 
brush itself has when influenced by the lateral vicinity of posi¬ 
tive parts acting by induction. Thus a brush issuing from a 
point in the re-entering angle of a positive conductor has the 
same compressed form (4ig. 12.). 

1473. The character of the negative brush is not affected 

by the chemical nature of the substances of the conductors 
(1454.), bu# only by their possession of the conducting power 
in a greater or smaller degree. • 

1474. Rarefaction of common air about a negative ball or 
blunt point facilitated the development of tfw; negative brush, 
the effect being, I think, greater than on a positive brush, 
though great on both. Extensive ramification$> could be 
obtained from a ball or end electrified negatively to the plate 
of the air-pump on which the jar containing it stood. 

1475. Avery important variation of the relative forms and 
conditions of the positive and negative brush takes place on 
varying the dielectric in which they are produced. The 
difference is so very grea£ that it points to a specific relation 
of this form of discharge to the particular gas in which it rakes 
place, and opposes the idea that gases are but obstructions to 
the discharge, acting one like another aud merely hi propor¬ 
tion to their pressure (1377). 

Vol. V.—No. 27, September , 1840. 2 A 
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1476. In air, the Superiority of the positive brush is well 
known (1467. 117’-'.). In nitrogen, it is as* great or even 
greater than in air (i438.). In hydrogen, tlifi positive brush 
loses a part of its superiority, not being so good as in nitrogen 
or air; whiLt the iterative brush does not seem injured 
(1459.). In o,c!/</i‘iis the positive brush is compressed and 
poor (1457.); whilst the negative did not sink in character: 
the two were so alike that the eye frequently could not^ tell ' 
the one from the other, anj this similarity continued when 
the oxygen was gradually rarefied.* In coal gas, the brushes 
are difficult of production as compared to nitrogen (1400.), 
and the pnbiliv'i not much superior to the negative in its 
character, either at common or low pressures. In carbonic 
acid gas, this approximation of character also occurred. In 
muriatic acid gas the positive brush Mas very little better 
than the negative, and both difficult to produce (1402.) as 
compared with the facility in nitrogen or air. 

1477. These experiments were made with rods of brass 
about a quarter of an inch thick having rounded ends, ihe 
ends being opposed in a glass globe 7 inches in diameter, 
containing the gas to he experimented with. The electric 
machine was used to communicate directly, sometimes the 
positive, and sometimes the negative, state, to the rod in con¬ 
nexion with it. 

147S. Thus we see that, notw ithstanding there is a general 
difference in favor of the superiority of the positive brush 
over the negative, that difference is at its maximum in nitro¬ 
gen and air; whilst in carbonic acid, ; muriatic acid, coal gas, 
and oxygen it diminishes, and at last becomes almost uothng. 
So that in this particular effect, as i”-all others yet examined, 
the evidence is in favor of that view which refefs the results 
to h direct relation of the electric forces with the molecules 
of the matter concerned in the action (1421. 1423. 1463.). 
Even when special phenomena arise under the operation of 
the general law, the theory adopted seems fully competent 
to meet thq case. 

1479. Before I proceed further in tracing the probable 
cause of tile difference between tbe positive and negative brush 
discharge, I wish to know the results of a few experiments 
which are in course of preparation : and thinking this Series 
of Researches long enough, I shall here close it with the ex¬ 
pectation of being able hi a few weeks to renew the inquiry, 
and entiroly redeem my pledge (1306.). 

Roy.il Institution, Dec. 23rd, 1837. 
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XXIV. — On Electro-Magnetic Forces . 4 By J.P. Joule, Esq, 

29. In resuming the relation of my researches, I shall dis¬ 
miss for the present the investigation of electro-magnetic forces 
as applied io the movement of machines, and consider the laws 
which govern that peculiar condition which is assumed on the 
completion of the ferruginous circuit—the lifting or sustaining 
power of the electro-magnet. • 

30. Although this wonderful property is known to all, and 
a variety of forms has been given to the electro-magnet both 
as regards the bulk and shape of its iron* and the length 
and number of its magnetizing spirals, I am not aware that 
any general rules have been laid down for its manufacture, 
which is a circumstance the more to be regretted, as it has 
led some to imagine that the different capabilities of various 
arrangements, arc the consequence of causes too many and 
too recondite to he unravelled. I shall attempt in this paper 
to throw some light upon this subject, and shall describe a 
construction attended by far greater results than have hitherto 
been produced—It was my desire to make my experiments 
as exact as possible, and as 1 w isli the relation of them to be 
clear and definite, l shall begin with some observations on 
the measure of current electricity indicated by the galvano¬ 
meter, an instrument not only useful but absolutely essential 
in an inquiry of this nature. 

31. The great difficulty, if not the absolute impossibility, 
of understanding experiments such as these and comparing 
them with one another, arises in general from incomplete des¬ 
criptions of apparatus, awl in particular fforn the arbitrary 
and vague ntunbers which are used in characterizing electric 
currents* 1 Such a practice might bo tolerated in the infancy 
of the science, but in its present state of advancement greater 
precision and propriety are imperatively dertianded. I haic 
therefore determined for my own part to abandon my old 
quantity numbers and to express my results on the basis of 
an unit which shall be at once scientific and convenient. 

32. That proposed by Dr. Faraday is, I believe, the only 
standard of this kind that has been suggested. His discovery 
of the definite quantity of electricity associated with the atoms 
or chemical equivalents of bodies, has induced him to use the 
voltameter as a measurer* and to propose that the hundredth 
part of a cubic inch of the mrxc<\ gases should constitute the 
degree* There can be no doubt that this system oilers 
superior advantages to the experimenter in some circumstances, 

* Experimental Researches, Series ni. (730 ). 
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and when the above Instrument is employed. However, as I 
am not aware that ^ has been used in the researches of any 
electrician, not excepting those of Faraday himself, 1 have 
not hesitated to advance what l think to be more appropriate 
as well as more generally advantageous. It is thus simply 
stated. * «* 

33. 1. A degree of \static electricity is that quantity which 

is just able to decompose nine grains of water . 2. A degree 

q/’current electricity is thc l same amount propagated (luring 
each hour of time ; and 3. Where both time and length of 
conductor are elements, as in electro-dynamics, a degree of 
electric force, or*of electro-momentum, is indicated by that 
same quantity (a degree of static electricity,) propagated 
through the space of one foot in one hour of time. 1\ believer 
in future I speak of degrees, I shall intend those which I have 
just defined. 

34. As 9 is the atomic weight of water it is obvious how 
greatly my degree will facilitate the calculation of electro¬ 
chemical decompositions. 1 may in this place adduce an 
illustration from electro-type engraving: here, if a galvano¬ 
meter graduated ac cording to my scale were included in the 
circuit, it would only be necessary to multiply the degrees 
(33,2) of its indication by 32, the equivalent of copper, and 
this again by the time in hours during which the work has 
been earned on, to obtain the weight of copper in grains 
which has been precipitated, and there would therefore ho no 
occasion whatever to disturb the arrangement until calcula¬ 
tion had shewn that the proper quantity of copper was east. 
For instance, in an experiment of my own, I caused two 
electrodes of eopj/er to terminate in.\i solution of the sulphate 
slightly acidulated bj' sulphui ic acid. The negative electrode, 
upon which of course the copper was deposited, consisted of 
a disc an inch and a half in diameter; the positive, of a small 
coil of wire. A* current of the mean quantity’.415 was then 
passed through the apparatus for one hour and a quarter; 
hence, according to the rule, *415X32X1*25= 16-6 gr. the 
weight of copper which should theoretically be deposited. 
The real quantity, well washed and dried, was 15-C gr. 'Flic 
deficiency of one grain was the evident consequence of the 
consumption of a part of the electricity in the decomposition 
of water , which was plainly indicated by a slight evolution of 
hydrogen at the negative polo. 

35. The galvanometer of \vhich I made use in the last scries 
of experiments* (14,) was connected with an apparatus fur- 


• “ Annals,” April, 1840. p. 476. 
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nishcd with very fine platinum wires. Voltaic currents of a 
large variety of intensities were then conducted through both 
instruments at fence, and at the end ofl^one, two, or three 
minutes the circuit was broken, ami the hydrogen measured 
in a graduated glass tube. The mean of ten trials, none 
of which differed materially from tire rest* added to half its 
bulk of oxygen, then corrected for temperature, barometrical 
pressure and force of vapour, and reduced to weight, gave 
•7b gr. of water decomposed in one hour by electricity indi¬ 
cated by each unit of iny„ forme v r quantity numbers; hence 
11*8 of those last is equal to one degree (33,2) of my present 
scale.—The dimensions of the single coil of the above galvano¬ 
meter are 12 inches by G, and the deviation of its needle for 
one degree (33,2) is 34 ■ of the graduated card. From those 
data it is easy to calculate with considerable accuracy the 
value of the indications of any similar instrument, bearing in 
mind that the electro-dynamic force produced by a constant 
quantity of electricity is directly as the number of coils and 
inversely as their linear dimensions. 

3G. The quantities of clecti icily which were brought into 
play in the subsequent experiments, were frequently so great 
that die needle of my galvanometer (14) was brought to an 
almost rectangular position when subject to their influence. 
1 have, therefore, demised a new measurer, which l flatter 
myself will prove of greater service in some cases than the 
arrangement proposed for the same purpose by Mr. lremon- 
ger. * Fig. 1, plate 4, is the plan of my instrument: c, c, is a rod 
of copper bent and fastened firmly to a strong wooden frame: 
m , is a magnetized cylindrical bar of steel, one foot Jong, and 
half an inch in diameter,^supported slightly above the centre of 
gravity, (like the ordinary balance beam,) by knife-edges rest¬ 
ing on h/rd concave surfaces of steel; a scale s, is attached to 
the nearer end of the magnet, for the purpose of receiving 
the weights by which the intensity of electricity is measured. 
Lastly, r, r, is a rest, the under surface of which, the mag¬ 
net just touches when at zero. 

37. In using this apparatus, it is merely necessary to adjust 
the magnet to zero, either by means of screws, weights, or 
(perhaps the most convenient in practice) by the attraction or 
repulsion of a steel magnet kept for the purpose. Then, on 
making the necessary battery communications at c, c, the 
scale s will rise with a force estimated by the weight, in grains, 
tenths, &c., which is required to reduce it again to zero. In 
my instrument, I have found that one degree (33,2) is indi¬ 
cated by .69 gr. 

* “Annals/’ rol, iii. pp. 413, 414. 



190 


On Electro-Magnetic Forces, 

38. The value of this new galvanometer, (the sensibility 

of which may be increased at pleasure bynnulti plying the 
number of coils,) besides its usefulness in measuring copious 
currents, consists chiefly in its perfect independence of the 
terrestrial, as well as ?my other ordinary magnetic influence. 
In every possible* situation, provided that the intensity of 
the balance bar is constant, and that no interference is induced 
after the adjustment to zero, the transmitted current is ex¬ 
actly proportional to the weight lifted by tlie scale, and I 
should have as much confidence in avo iking with it on an iron 
steam-boat as if every particle of iron were removed entirely 
away. , 

39. I proceed now to describe my electro-magnets, which 
I had occasion to construct of very different sizes in order to 
develope any curious circumstance which might present itself— 
A piece of cylindrical wrought iron, eight inches long, had a 
hole one inch in diameter, bored the whole length of its axis; 
one side was then planed until the hole was exposed sufficiently 
to separate the “poles" ^ of an inch. Another piece of 
iron, also eight inches long, was then planed, and being se¬ 
cured with its face in contact with the other planed suilace, 
the whole was turned into a cylinder eight inches long, three 
inches and three quarters in exterior, and one inch in interior, 
diameter. The larger piece was then covered with calico and 
wound wifhfour copper wires (covered with silk) each 23 feet 
long and l-l 1th of an inch in diameter, a quantity which was 
just sufficient to hide the exterior surface and entirely to fill the 
inside hole. I shall perhaps be better understood on reference 
to plate 4, fig. 2, where in, is the “ horse shoe" on which I have 
drawn some lines*to illustrate the position of the conducting 
wire, a, is the armature and s. s. &e., are scrtAvs with eye 
hoU*s for the purpose of suspension. This electro-magnet is 
designated Ao. 1, and the rest arc numbered in the order of 
their descriptions 

40. The iron which I used in the construction of a second 
was round,, and 2*7 in. long, and half an inch in diameter. 
It w as bent into an almost semicircular shape, and covered with 
7 feet of well insulated copper wire l-20th of an inch thick. 
The poles were half an inch asunder, and the wire completely 
filled the space between them. 

41. A third electro-magnet w*as made of a piece of iron, 
.7 of an inch long, .37 in. broad, and .15 of an inch thick.— 
Its edges were reduced to such an extent that its transverse 
section was a perfect ellipsis. This also was bent into a se¬ 
micircular shape; and was covered with 19 inches of silked 
copper wire, one-fortieth of an inch in diameter. 
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42. Anxious to procure a still larger Variety, I made wliat 
might, from its extreme minuteness, be termed an elementary 
electro-magnet. It was the smallest l believe ever constructed; 
and consisted of a piece of good iron wire, one quarter of an 
inch long and l-25th of an inch in diameter. It was bent 
into a semicircle, and was covered by three turns of uninsu¬ 
lated copper wire l-40th of an inch in diameter. 

43. The system of levers which was used in part of the 
subsequent experiments was fouml to bo so convenient that I 
am induced to describe it *in this place, although it may not 
involve any thing essentially new.— In tig. 2. b, h, b, b, are 
beams of ash, three incites square aud ten fact long, streng¬ 
thened by strong iron plating. These are fastened together 
in pairs, by bo aids nailed to their upper sides, i. ?, are move- 
able iron beariugs, and /’, is the fulcrum, also moveable, and 
armed with iron; to, w, are strong pieces of wood which bear 
upon the levers and carry the hooks which arc affixed to the 
electro-magnet Iso. 1, and its armature.—-I subjoin some of 
the results obtained by this apparatus. The first column con¬ 
tains degrees of current electricity (33,2). The second gives 
the products of the numbers in the first column aud the length 
in feet of wire wrapped round the magnet; it contains there¬ 
fore, degrees of electric force (33,3). Lastly, the fourth ex¬ 
presses tlie weight carried in pounds avordupois. 

TAOLU I. • 

Electro-magnet, No, 1. (39)—Weight of iron, 151bs; length of wire, 23 feet. 


Eleetricily. 

Elec, force. 

do. (corrected.) 

Lifting pow 

°.8 . 

.. . 18 '. 4 .. 

0 r > 

1 • • t 1 W «!/ • « > • • | | 


1.8. 

...41 . ‘4* i 

.14.4. 

.?..10 

2sfi. 

...59.8.. 

. 21 . 

....23 

^ 3iB« • • i• * 

...87 .4.. 


....45 

8.1 . 

..186 .. 


...238 

10.9 . 

..250 .. 

. 88 . 

...M0 

4.3 . 

.. 99.3.. 


..070 

5.7 .. 

..132.5.. 


. .890 . 

8.0 . 

..198.7.. 


.1000 

14.4 . 

..331 . 


.1400 

21.0 . 

..497 .. 


.1800 

36 . 

..828 .. 


.2030 


44. On one occasion the power necessary to break contact 
was 2090 lbs. or nearly nineteen hundred weighty which is 1 
believe a greater weight than any magnet has hitherto carried, 
and is certainly vastly superior to the performance of any of 
the same weight; and I can shew (45. 50.) that this power 
great as it. is, is not so much as is due to its peculiar shape. 
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45. The latter part of the above table was obtained experi¬ 
mentally before the first part, and in theVmean time the 
proper insulation of the coils from the iron was destroyed by 
an accident, and not having the opportunity of refitting the 
electro-magnet, I have been obliged to supply the corrections 
of electric-force keen in the third column and calculated on 
the basis of the power obtained w hen the insulation Avas good. 
I can place great confidence in these corrections, but must 
confess that I cannot givo»that which 1 suspect to be neces¬ 
sary in (44), I have therefore relafrd that experiment without 
mentioning the electric force. As however this uncertainty 
will not materially nffc»*t the. subsequent observations, end 
only induces the suspicion that the maximum power of this 
electro-magnet is not yet attained, 1 have thought it best to 
relate that experiment (44) in the absence of the more com¬ 
plete data which I hope to advance in my next communication. 

TABLE If. 


Electro-magnet, No. 2, (40. J Weight 1057 gr. 

; length of wire 7 ft. 

Electricity. 

Electric-force. 

Weight carried. 

'■*•51 . 

. 3 *57 . 

. 20 

1*53 . 

. 10-7 . 

. 38*5 

0*1 . 

. 42*7 . 

. 49 

« 

TABLIC III. 



Electro-magnet, No. 5), (11.) Weight 65 U gr. ; length of wire 158 ft. 

u *42 .. *00 .. 5*5 

1*0 . 1*58 . 9 

2*0 . :H6 ».11 

40. With great care this small electro-magnet supported 
in one instance twelve pounds, or 1280 times its own weight. 

47. No. 4, (4,2.) the weight of which was only half a grain, 
carried in one instance 1417 grains, or 2834 times its own 
weight* 

48. It required great patience to work with an arrange¬ 

ment so minute as this last, and it is on this account that 
the above weight is not nearly so great as (t ought to have 
been, the relative power however which I obtained Avith it is 
far greater than any that I had hitherto seen, and is more 
than eleven times that of the celebrated steel magnet of Sir 
Isaac Newton. . 

49. It is well known that life, steel magnet should necessarily 
have a much greater length than breadth or thickness, and 
that the contrary shape is attended by the confusion of the 















poles and a general diminution of virtub, and Mr. Scoreshy 
has found that if# a large number of straight steel magnets are 
bundled together, the power of each frhen separated and 
examined is greatly deteriorated.* All this is easily under¬ 
stood, and finds its cause in the attempt of each part of the 
system to induce upon the other part a contrary magnetism to 
its own. Still there is no reason why the principle should be 
extended from the common to the electro magnet, especially as 
in the latter case a great and commanding inductive power is 
brought into play to .sustain what'the former has to support 
by its own unassisted retentive property. All the preceding 
experiments support this position and I shall give a table in 
proof of its obvious and necessary consequence,—that the 
maximum power of the electro-magnet is directly proportional 
to its least transverse sectional area . The first column con¬ 
tains the least sectional areas in square inches of the whole 
magnetic circuits. The maximum powers in pounds avoirdu¬ 
pois are recorded in the second ; and these reduced to one 
square inch constitute the third, under the title of specijic 
powers . 

TABLE iv. 


My own Electro-magnets. *■ 


s 

X 

) 

s 


Least Sec Area. Max.. Power. Spec. Power. 


Eliwtro-Magnet at the “ Man¬ 
chester Vh turiuGallery,' made 

by Mr. Nesbitt length around 
the curve about three foot, dia- 
mctei of non 2$ inches; sec¬ 
tional area, 5.7 inches; do. of 
armature, 4.5; weight of iicin, 
about -Xdbs, • 

Prof. Henry'st, of iron, 2-inch "J 
square; iti ftinrp edges round- t_ 
led ; weight 2libs.; length 20 1 
inches round the cut vo. 

Mr Sturgeon's (one of the first 
cxlnbited in Uii.s countiy) 
length about one foot; diame¬ 
ter half an inch. 




No. 

1 ... 10 . 2090 .. 

209 

No. 

2 ... 0.196. 49 . 

250 

No. 

3 ... 0.0436 ... 12 ...... 

275 

No. 

4 ... 0.0012 ... 0.202 

162 


4.5.... 1428 . 

317 

i ■* 

9 



3.94...750 . 

190 


.196... 50 . 

255 


50. These results are, I think, sufficient to prove the rule, 
if wo make an allowance for various sources of error. No. 1, 
is unfortunately made of a piece of unsound iron, and more¬ 
over is suspected not to have been saturated (45.), otherwise 
I have no doubt that its power per square inch would have 
approached 300, or, that,the whole would have been 6 or 7 
hundred weight greater. Again, the specific power of No. 4, 


* Magnetical Investigations, pp. 37, 38. 
f Silliman’s Journal, vol. xix. p. 404. 
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is smaller than the mean simply because of the extreme diffi¬ 
culty of making a good experiment with «it (48.). With 
regard to Mr. Nesbft’s electro-magnet* the battery used was 
so powerful ( 19 of Parnell's two feet cells) and the quan¬ 

tity of conducting wirfe so very large (14 lengths of wire each 
*70 feet long and about 1-14th of an inch thick), thaUts magne¬ 
tism must have been brought to the utmost possible pitch of 
intensity, which therefore excelled the mean. On the other 
hand Professor Henry’s for the opposite reason exhibits a 
specific power much below tfie meaji.t 

51. The mean of the specific powers of No 2, No. 3, and 
of that at the “ t Royal Victoria Gallery” may I think be 
fairly taken for the expression of the maximum magnetic force 
of iron under ordinary circumstances, which is simply stated 
by the formula a—280a where a is the least sectional area in 
square inches of the? magnetic circuit (49.). 

52. Since the clement of length has no place in the above 
formula and has in fact only a secondary inllueneo playing the 
part of an active resistance (55) which it requires a large addi¬ 
tional force to overcome; it is obvious that in the direct ratio of 
its reduction, will the attractions relative to weight of iron in¬ 
crease. Hence the large power, in this respect, of my short 
electro-magnets. Hence, also, I have no doubt that a rela¬ 
tive power of 10,000 might be attained, and by increasing 
the sectional area and at the same time diminishing the length, 
or, what is the same thing and indeed the only means of its 
performance, by increasing the length and diminishing the 
diameter of the cylinder (39) of No. 1, that a single pound 
weight of iron might bo made to carry 2 or 3 tons. 

53. All this cerroborates what J Have before stated}: with 
regard to the proper construction of the electro magnet for 
lifting purposes, and it is well illustrated by fig. 4, oS plate xi. 
in the “ Annals” for last April; if, in that figure, the line* 
between b and & (which has been omitted by the engraver) be 
drawn, it will be evident that in the case of saturation when 
the magnets A and 11 are brought into contact, the oblique 
forces will vanish, and the attraction will consequently exist 
in the simple ratio of the smallest number of magnetic particles 
opposed to each other. 

* I have had the pleasure of seeing another electro-magnet of this gentlt. 
man’s construction It is short and thick, and consequently adapted for lift¬ 
ing a large proportional weight. . 

f His coils consisted of nine lengths of copper hell wire, each 60 feet long 
The battery consisted of a single pair, which was certainly not sufficiently 
intense to overcome the resistance of the wire, so as adequately to effect the 
saturation of the iron. ‘ 

1 “ Annals” vol, ir. p. 60. 
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54. With respect to the magnetizing coils, I may observe 
that each particl* of space through which a certain quantity 
of electricity is'propagated appears to operate in moving the 
magnetism of the bar with a force proportionate to the in¬ 
verse square of its distance from the surface of the iron, and 
that when the tension or specific magnetism, is the same, the 
thickness of iron on which that particle of conducting space 
acts, has nothing (apart from resistance and other foreign cir¬ 
cumstances) to do with the whole effect. Now it may be 
mathematically demonstrated that, such being the law; if each 
particle induce upon a large surface, the resulting magnetic 
force will not vary much with the distance, but be a very 
constant quantity for any distance which bears a small ratio to 
the dimensions of that surface. Hence it is that a coil within a 
hollow piece of iron has no power to magnetize it;* in that 
case its energy is directed in equal quantities towards opposite 
directions, the nearness of one surface exactly counterbalanc¬ 
ing the size of its opposite. And hence also in the case of my 
large electro-magnet, where the surfaces are large, every par¬ 
ticle of conducting wire would perform its full extent of duty 
even if it were not quite close to the iron. 

55. When the interferences arising from tension are reduced 
to a minimum by completing the magnetic circuit and making 
use of a very small electric force, (33,3) the resistance from 
length becomes a very sensible quantity,t varying probably 
in the direct ratio of that element. Some idea of its charac¬ 
ter may be formed from the following table, where l have 
compared half the maximum powers of each electro-inagncL 
with the electric forces (33,3) that produced them; and, by 
dividing the former by the latter, I have a third column which, 
under the title of specific power, contains the quantity of lift¬ 
ing powey (of that degree of tension) due to an unit of elec¬ 
tric force. 

table v. * 

Klee, forces. $ max. power. Specific power. 

No. 1. 200° .lOGOlbs. 5.31bs. 

No. 2. 4.5 . 25 . 5.5 

No. 3. .66 . 5.5 . 9.2 

56. The electric force against No. 2 is rather larger than 
the truth, on account of the greater relative distance of its 
coils from the iron: if wa make on this account a slight ad¬ 
dition to its specific power , we shall find that the results are 
in character with the observations in 54, 55, and that the 

* “ Scientific Memoirs,” Part V. p. 11. 

t “ Annals,” rol. iv. p. 59. 

m * 
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specific powers are the same for each, after allowance has 
been made for the resistance of length. * 

57. It is well known that when the galVanic circuit is 
broken, the armaturo # is retained in its place with very consi¬ 
derable force. I was anxious to try the capability of my cy¬ 
linder, No. 1, in. this respect, and have arrangedUmy results 
in a table, the first column of which contains the degrees 
(33,3) which were cut oif; the second, the lifting powers due 
to these quantities of electricity; and the third, the power 
left after the current was broken., 



TABLE VI. 


EIcc. force. 

lifting power. 

retentive power. 

H8o .... 

. 540 .... 

. 33 

29 .... 

.. 40 .... 

16 

14.5*... 

.. 10 .... 

. 10 


58. There is considerable difficulty in making a good expe¬ 
riment with so powerful an electro-magnet as No. 1, when 
very small forces are measured. Nevertheless it is certainly 
the case that the retentive is very nearly equal to the lifting 
power with small quantities of electricity. Another curious 
circumstance presents itself in the very inferior retentive power 
of my electro magnet compared with those of considerable 
length. It is the natural consequence of its peculiar shape 
(49). 

59. When the whole current is not cut off, but merely re¬ 
duced by the interposition of a bad conductor, a surprising 
quantity of magnetism may he supported by a very small 
electric force. I subjected No 1 to 90 J (33,3) a quantity ade¬ 
quate to bring its power up to 560Jbs., and then reduced the 
electricity to different degrees of intensity. Il<*re are the re¬ 
sults. The first column contains the degrees of electric force 
(33,3) to which the superior current of 90° was reduced; the 
second expresses the weight which is simply due to those 
quantities; and the third gives the lifting power which the 
same quantities could support. 

TABLE VII. 


Elec, force. 

Lifting power. 

Supported power. 

31 rj ... 


. 2941bs 

21 .. 

. 23 .... 

.210 

14.5 .. 

. 10 .... 

. 112 

6.2 .., 

. 26 .*.. 

. 63 

4.1 

. 11 * .... 

. 56 


60. A battery of the size of a common thimble is quite suf¬ 
ficient to produce 31° of electric force, and consequently 
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to sustain a magnetic power of about 300 pounds, and it is 
easy to perceive that, by increasing the size of the electro¬ 
magnet and tb<* quantity of its conducting wire, the same 
minute source could support a magnetic virtue of an indefinite 
amount. \ 

61. I must now conclude my remarks for the present. I 
intend, however, shortly to construct an instrument of a still 
larger amount, both of absolute and relative power, than that 
described in 39; and I will only add that the form I have 
now given to the electro-magnet ife the only one which will 
permit an unlimited increase of size without diminution of 
relative power. 

Note on Voltaic Batteries. 

62. Having had occasion about a year ago to construct a 
battery of great intensity, it became a great object with me 
to devise such an arrangement of the elements as should be 
both convenient in use, and when destroyed, easily refitted. 
Aftfr trying and rejecting two or three systems, 1 succeeded 
in producing one which answered my immediate purpose very 
well; but as I was aware that experience was the only strict 
test of its value, I have hitherto refrained from presenting it 
to public notice. Now, however, that l have worked with it 
during nine or ten months, and have found it to possess every 
quality that can be desired; 1 hope in describing it to give 
the same facilities to others which I possess myself. * 

63. I have represented a series of three elements in fig. 3. 
A, B, is the common divided Wollaston’s trough with the 
front side removed in order to shew the inside. The black 
lines within the cells are rectangular pieces of strong sheet 
copper, bent on a gauge to the shape seen in the figure. 
Within these, z , z, z, represent plates of sheet zinc amalga¬ 
mated in those parts which are in contact with the dilute 
sulphuric acid, with which I always charge my batteries, and 
fixed in their places by pieces of hard wood furnished with 
grooves and extending the whole breadth of the zinc. Lastly, 
a, a , a , a, a , arc pieces of square wood with holes in their 
centres to admit the screw bolt s , s, which secures the whole. 

64. When the battery is worn out, empty its trough and 
place it therein; then unscrew the bolt and remove it and 
the pieces of wood; change the old zinc plates for new ones, 
taking care in the mean time to see that those parts of the 
copper which touch the’zinc are bright; then replace the 
pieces of wood a, a, &c. pass’the bolt through their centres and 
screw the whole tightly together. In this way I can easily refit 
three batteries, each consisting of ten pairs, (including the 
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amalgamation of fresh zinc plates,) in three quarters of an 
hour. ■ * 

()5. Of course Mr. Smee’s battery may *be conveniently 
fitted up on my plan. 1 prefer however for ordinary use an 
electro-negative element of sheet iron before either copper or 
platinized silver. In using sheet iron it is welLto tin that 
part which is to touch the zinc in order to keep its surface 
bright. 

Ofi. I have lately constructed a large battery on Mr. 
Sturgeon’s plan, and from fny experience with it I am con¬ 
vinced that it presents a very superior arrangement of voltaic 
elemeuts. It consists of eleven cast iron cell's each one foot 
square, and 1} in. iu interior diameter. With eight pairs, 
arranged in a series of four, l can raise to a full red heat 18 
inches of copper wire one tenth of an inch thick. 

Broom Hill, near Manchester, 21st August, IN 10. 


X XV,—Professor Van Kobki.l on a new kind of Electro¬ 
type Engraving , hy which , without the use of previously 
engraved plates , impressions in the manner of Indian-ink 
Drawings are produced.—From the Gelehrle Anzeigen 
der h. huger. Akadenue d. IVisseusch. Nos. 88 and 89— 
1840. 

It was* the great and, indeed, remarkable advantages that 
practical science has already reaped from Jacobi’s application 
of the galvanic precipitation of copper that first induced me 
to make the following experiments, and which, to the best of 
my belief, are nejv.* < 

I allude to the precipitation of a plate of copper into the 
surface of a painting or drawing in the indian-ink planner— 
the plate thus formed being capable of having impressions 
thrown off froiq it in the usual way. 

It was easy enough to see that if we could succeed in giv¬ 
ing the surface of the colour a conducting power, there 
might, of course, be formed on it a coating of copper whose 
minutest details would correspond with our drawing. The 
kind of drawing in question however, that is to say, sketching 
on a polished surface makes it necessary to work up the co¬ 
lours employed with some oily or resinous substance, and this 
does away with its conducting power. Neither can we apply 
a coat of black lead or other similar conducting substance, 

* Most of thfc plates used by our English calico printers, &c. &c. are, I un¬ 
derstand, now produced by galvanic precipitation.— Translator. 
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inasmuch as the most delicate tints and shades of the draw¬ 
ing would suffer ffom the use of the brush. 

I, therefore, set about trying to throw down a coating of 
copper into a sketch made on a plate of silver without employ¬ 
ing any such expedients, for as the copper precipitated by 
this process is thrown down in a crystalline form, and the ag¬ 
gregation of individual crystals in pure malleable metals rea¬ 
dily assumes the forms of plates, (inasmuch as their tesseral 
forms, when in thin films, so unite, together as to form such) 
it struck me that it would be a mere matter of time to cause 
depositions oil non-conducting places when interspersed and 
surrounded with good conductors. 

The experiment bore out my expectations; and drawings 
in wax, varnish, copying-ink, &c. &e. were covered with a 
deposit without any conducting power being imparted to 
them, and this not unfrcquently in a very short time. I had 
frequently occasion to remark how little nodules of copper 
began forming at the centre of the non-conducting surface 
with which the lower plate was there entirely coated, these 
nodules gradually running into each other, and forming lines 
and threads by subsequent aggregation. As it always requires 
from four to five days to obtain a plate thick enough to print 
from, it is the less necessary to impart a conducting power to 
the colour for the most delicate shades, that is to say, the 
thinnest films of the paint are, for the most part, completely 
coated over by the second day, leaving but a few patches free, 
the closing up of which may be hastened by the application 
of a coat of good conducting black lead, laid on with a paint¬ 
brush, for the drawing in the state in which it then is, is not 
injured by so doing. Bc&re having thus‘recourse to the 
brush, the plate is to be dried with bibilous paper. 

With regard to the method of forming the picture we wish 
to copy, the first thing is, that it should be painted on a bright 
plate of silver or copper.* The painting is -to be executed 
with a single colour , which should be laid on with the clammy 
oil used in painting on china, and which is the residuum ob¬ 
tained from the evaporation of oil of turpentine. By way of 
colour, we may use the red ochre of the porcelain painters. 
A solution of Deraerara gum in oil of turpentine, duly thick¬ 
ened by an admixture of red ochre, mineral black, or some 


* Copper may be grounded with a coat of whiting, end on this, withou* 
difficulty, wc may draw with a fine jfen, using a solution of sulphurct of po¬ 
tassium (with the maximum of sulphur) by way of ink. The black lines 
thereby obtained may be removed while yet moist by washing, the drawing 
being, nevertheless, visibly impressed on the copper, owing to a kind of cor¬ 
rosive action. 
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such substance, furnishes also a colour that is pleasant to 
work, and which dries rapidly. The colour is to be so ap¬ 
plied that the polished surface of the metal, where left bare, 
gives the brightest lights, while those parts that are more or 
less coated furnish the shadows. It is right to observe, that 
it is noways necessary that the colour should be laid on in a 
thick coat, on the contrary , the more delicate and the finer is 
the execution of the drawing , the sharper is its re-production 
in the copper-plate, and the sooner is this completed. 

The colour, when dry, should,adhere firmly to the plate, 
otherwise a thin film of copper, which nothing but nitric acid 
can remove, gets in beneath it. The surface of the colour is 
not, however, to be quite smooth; it must be fine-grained, 
otherwise the copper-plate precipitated into it will not take 
the printing ink. 

In some of the Experiments I mixed up formate of silver 
with the colour, and exposed the plate to a gentle heat. 
Conducting points of silver were thus generated on the sur¬ 
face, whereby the covering of the whole, was hastened, but 
no such addition is, as before remarked, necessary. 

With regard to the precipitation of the copper, we may, 
for that purpose, use Jacobi’s apparatus, or we may employ 
a copper trough with a parchment frame, an arrangement 
which Professor Steinheil—following up Daniell’s plan—has 
introduced, or recourse may be had to Spencer’s arrangement. 

The employment of Jacobi’s arrangement has this disad¬ 
vantage, namely, that when the action has been going on for 
some time, the edges of the plate become too thick, forming 
rough borders, especially towards the corners ; besides, with¬ 
out frequently changing its position, the copper is not preci¬ 
pitated of equal thickness over the whole surface, and it 
requires a certain degree of practice to prevent the metal 
running out into lines and branches upon the plate. The use 
of the copper trough has, it is true, its advantages; by fre¬ 
quent use, however, it becomes so coated with copper that it 
is necessary to give it a new bottom on account of the wavy 
form the “old one assumes, besides there is more copper pre¬ 
cipitated by its use than the operatiou requires. The appara¬ 
tus that I have employed, and which I find answers the purpose 
very well, is composed of a flat-bottomed vessel of china or 
glass, and whose sides are two or three inches in height. 
A plate of copper is laid on the bottom of this vessel, having 
a strip of the same metal an inch and a half in width rivetted 
to it at right angles by way of conductor. This metal band, 
with the exception of its upper end, is insulated throughout 
by a coat of wax. 
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The dimensions of this bottom plate must he such that it 
should project about half au inch all round the plate on which 
the drawing is made, the latter being pkced thereon during 
the operation. At first I connected the conducting strip of 
metal directly with the painted plate,' but the edges of the 
plate thus* obtained were too ragged, and this is avoided by 
the above modification of the apparatus. Above those plates, 
and resting upon feet about a quarter of au inch high, there 
is fixed a frame with parchment stretched across it, or, in 
other words, a tambourine. In this there are laid a couple 
of small glass rods, and on them a plate of amalgamated zinc, 
the metal being thereby prevented from coming into contact 
with the diaphragm. To establish the connexion, I make use 
of a copper plate somewhat smaller than the zinc plate, and 
resting on it, and furnished with a ribbon of copper about an 
inch and a half wide. This strip of metal either dips down 
into a channel filled with quicksilver adapted to the strip in 
connexion with the lower plate, or the two bands are con¬ 
nected by a binding screw. The employment of mercury, in 
making the connexion, requires care, for if any of it gets 
thrown into the lower plate as it lies during the operation, a 
thing likely enough to occur in inserting or withdrawing these 
strips, there is formed an amalgam with the copper to the 
destruction of the plate. It does not answer equally well to 
employ a wire in lieu of the broad connecting strip of metal, 
for on doing so we find the precipitation considerably weakened. 
The glass vessel up to the spot to which the frame when in¬ 
serted comes, is to be filled with a concentrated solution of 
sulphate of copper, aud water moderately acidulated with 
sulphuric acid is to be poved on to the zinc plate to the depth 
of a few lint's. To keep up the precipitating action of the 
fluid, ciystals of sulphate of copper should be scattered round 
the copper plate. From time to time I renewed the upper 
fluid, and replaced the zinc plate when considerably eaten 
away. Inconsiderable deposits of copper on the parchment 
may be scratched off, but if they increase to ary extent, 
new membrane must he used. Instead of such a tamboujiu , 
it may be mentioned, wo may employ a trough of half-burnt 
clay, porous enough to allow of the percolation of the fluids, 
but in this case the precipitation is by no means so rapid. 

liy following the plan I have recommended, I have, in from 
four to six days, obtained plates four inches square, and above 
a line in thickness, and tolerably even throughout. When 
the surface is waved and uneven I withdraw the plate, and 
having dried it with bibulous paper, I file it down till it is of 
uniform thickness. I then replace it and allow the operation 
Vol. V.—bio. 27, September , 1840. 2 C 
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to proceed as before. Occasionally, also, I have covered 
particular spots with wax to allow others thUt; were lower to 
increase to the height of the former, and the plate has then 
been filed smooth. It*is advisable to direct one’s attention 
from time to time to tfie thickness of the metal so as to turn 
round the thinnest edges of the plate under the p&rts of the 
diaphragm where the action is the strongest. To endure a 
rapid and compact precipitation, it is above all things requisite 
that the solution of copper v should be constantly maintained 
at the point of saturation. The bubbles of air tiiat adhere to 
the plate on its first immersion may be removed with a camel- 
hair pencil. It is only at the commencement of the process, 
that is to say, till the picture is coated over, that the opera¬ 
tion demands our attention. 

When the plate hps attained the desired thickness, the edge 
all the way round is to be filed away, upon which, generally 
speaking, the two plates separate without difficulty. To ren¬ 
der the plate we thus obtain fit for furnishing impressions, all 
we have to do is to clean off with aether any particles of colour 
adhering to it. 

The impressions have the appearance of Indian-ink draw¬ 
ings, and the tone of colouring is extremely delicate, a fact 
the painter ought not to overlook. 

I think that the accompanying specimens will* bear me out 
in the idea that this modification of the electrotype process is 
the more deserving of the attention of artists as it enables 
them, and that without much previous knowledge on the sub¬ 
ject, to throw off copper-plate impressions of any sketch or 
picture. It need scarcely be remarked, that the graver may 
be subsequently applied to a plate-.thus produced, supposing 
we wish to heighten the effect of any particular* part of the 
engraving. From what has been said, it will be Sfcen that 
the process is by no means an expensive one. 

Translated by 

W. G. LETTSOM, Esq. 


* We have several beautiful specimens of printing from this style of 
clcetro-type, which were sent to us with this paper; also one electro-type 
plate, with the picture of a tree, from which wc give a copy ip the electro-type 
plate.—E dit. 
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XXVI.— On 9 the Analysis of Limestones, especially the 

Magnesian kind, and a method of completely separating 

Lime from Magnesia , when both &re present in large 

quantity. By Robert E. Rogers* M. D. and Martin 

II. BofE'.* 

Carbonate of lime, associated with more or less carbonate 
of magnesia, forms the principal ingredient of limestones. 
In some varieties the latter substance appears only as a trace, 
while in others, it amounts to nearly 50 per cent, of the 
mass. When the proportion of the carbonate of magnesia 
is very considerable, the rock is termed magnesian limestone, 
or dolomite, the latter name being mostly applied to the crys¬ 
talline varieties. Variable quantities of other substances, as 
silica, alumina, and the oxides of iron, and manganese, are 
generally associated to some extent with the above principal 
constituents. 

The Silica is usually either in the free state, in the form 
of small transparent grains of quartzose sand, sometimes itn- 
▼Hpably minute, or in chemical combination with the alumina 
andiron, (clays, &c.). 

The extensive use made of limestones in the arts and agri¬ 
culture,, as mortars, cements, fluxes and manures, renders it 
a matter of great importance to procure a certain and expe¬ 
ditious process for their analysis, especially as there exists 
great diversity of opinion respecting the relative efficiency 
of the several constituents. 

We proceed to describe a mode of analysing calcareous 
carbonates, which we have found in practice both certain and 
expeditious* and, therefore, preferable, we conceive, to the 
method^ generally in use, which demand extreme care and 
considerable time to furnish accurate results. The method 
here proposed, we have adopted with success in an extensive 
scries of analyses performed for the geological survey of the 
state. 

The limestone is first finely powdered, when a g’iven weight, 
about 30 grains, is digested in ehlorohydric acid, in the ordinary 
way, evaporated to dryness, moistened with ehlorohydric acid, 
and re-dissolved and filtered. The silica and a large part of the 
other adventitious substances are thus left upon the filter. They 
are then calcined and weighed, a correction being made for 
the weight of the ashes of fhe filter. These steps give the 
amount of the insoluble matter. 

The filtered solution, containing besides the lime and mag¬ 
nesia, portions of alumino and oxides of iron and manganese, 


* Journal of the Franklin Institute. 
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is neutralised with ammonia, avoiding an excess, and then 
precipitated with sulphhydrate of ammonium, # a small quan¬ 
tity of which will usually suffice. When the precipitate has 
subsided, it is filtered# the funnel being covered with a glass 
plate, so as to exclude the atmosphere, and then washed with 
water containing a few drops of the sulphhydrate'of ammo¬ 
nium. The filter, with its contents, is then removed, pressed 
between bibulous paper, dried and calcined. The alumina, 
and oxides of iron and manganese are thus obtained together. 
When their quantity is such as to require them to be sepa¬ 
rately estimated, it can be done in the ordinary way. 

In determining the lime and magnesia, a fresh equal por¬ 
tion of the powdered mineral is employed, which is decom¬ 
posed by a sufficient quantity of dilute sulphuric acid, wit In 
the aid of heat. Waiter is then added so as to fill the vessel 
up to a given mark, after which alcohol of known strength is 
introduced in such proportion as to make the whole solution con¬ 
tain 40 or 41 per cent., (estimated by volume) of alcohol. The 
alcoholic solution of this strength * precipitates entirely the 
sulphaie of lime along with the insoluble matters. When the 
precipitate is settled, it is filtered under cover of a glass plate, 
and repeatedly washed with dilute alcohol of the same 
strength, as that previonsly employed, until a bury tic solu¬ 
tion indicates no trace of sulphuric acid. The whole is now 
calcined, «and the weight of the insoluble matters as already 
ascertained, being deducted, we obtain the amount of sul¬ 
phate of lime , from which we compute that of the carbonate. 

The filtered solution now contains the sulphate of magne¬ 
sia, and an inconsiderable portion of the sulphates of alumina, 
iron, and manganese, besides an cctcoss of sulphuric acid.— 
It is to be evaporated until all the alcohol is dtepelled, and 
then precipitated by pure carbonate ot potassa, witlpthe pre¬ 
cautions usually prescribed. The magnesia, alumina, and 
oxides of iron aiftl manganese, thus precipitated, are filtered, 
washed and calcined. Subtracting from the weight of the 
whole, that*of the three latter previously ascertained, we find 
the amount of the magnesia, which is to be estimated as car¬ 
bonate. 

The separation of the lime in the form of sulphate from 
magnesia, by an alcoholic solution, is so complete as to make 
it unnecessary to estimate directly the magnesia, except when 
>ve desire to check one result by the other. The above pro- 

* Alcoholof this strength has a specific gravity of 0.951 to 0.949 at 60o Far 
and marks between 17° ami 18° Baurnc. Alcohol of the shops (alcohol re c- 
tificatus Lond. Phar.) marking 54£ Pennsylvania proof—has a specific gravity 
of 0.835. Five volumes of this, and 6 a 6} volumes of water, will give a very 
suitable mixture for the above purpose of analysis. . 
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ccss, it need hardly be said, will apply equally to the analysis 
of other substepices than limestones, m which lime and mag¬ 
nesia abound, for we have only to precipitate these earths as 
carbonates, convert them into sulphates, and then treat them 
with dilute alcohol after the manner described. 

We present the following analyses by way of illustration 
1. A white crystalline dolomite, from the neighbourhood 
of Montville, New Jersey. Specific gravity —2.853 

A portion, 1.469 grammes, was raised to a dull red heat, 
and the water, which was received in a tube containing chlo¬ 
ride of calcium, was found to weigh .007 grm. or .48 per 
cent, This small amount of water is not expelled at the tem¬ 
perature of boiling water. 

Two other portions of the powdered mineral, treated after 
the manner described, gave these results,:— 


J’cr cent. 

Insoluble matter.04 

Alumina, ox. iron, and ox. manganese.15 

Sulphate of lime, and insol. matter. 76.09 


Magnesia, alumina, and ox. of iron and manganese 20.70 


By subtracting the insoluble matter .04 from the joint 
weight of the soluble matter and sulphate of lime 76.09, 
we get 76.05, and subtracting the alumina and oxides of iron 
and manganese from the joint weight of these and the mag¬ 
nesia, we have for the magnesia 20.55 

A reference to the annexed table, the use of which will be 
explained, shews that 76.05 per cent of sulphate of lime is 
equivalent to 31.54 per cent, of lime, or to 56.11 per cent, of 
carbonate of lime. 

It also appears that 20.J3 per cent, of magnesia is equiva¬ 
lent to 42.54 of carbonate of magnesia. The result will, 
therefore, stand thus :— 


Carbonate of lime. 56.11 

Carbonate of magnesia. 42.54 

Alumina and oxides of iron and manganese.. 0.15 

Insoluble matter. 0.04 

Water. 0.48 


99.32 

Were wc to estimate the magnesia in this case by the loss, it 
would be 43.22 carbonate of magn. equivalent to 20.88 mag¬ 
nesia, or 0.33 per cent, more* than the amount found by direct 
estimation. 

With a view farther to shew that the whole of the lime is 
procured by the above method, and therefore, that we may 
safely estimate the magnesia by subtracting the carbonate of 
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lime and other ingredients directly got from the weight of the 
mass, we subjoin the following example of a specimen found 
to contain no magnesia. 

2. A white crystalline, imperfectly saccliaroidal limestone, 
from near the mouth of Yellow Breeches Creek, Susquehana 
River, Pa. • ' 

From one portion of the powdered mineral, treated with 
ehloroliydric acid, we obtained 

Insoluble matter.*. 2.3 per cent. 

Alumina... 1.2 „ 

Ox. of iron and manganese. none 

Another portion treated with sulphuric acid and diluted al¬ 
cohol of the proper strength, gave 

Insoluble matter and sulph. lime. 133.19 


Table for calculating lime and carbonate of lime from the 
magnesia from magnesia or its sulphate* 




1 

2 

Sulphate of lime 

Lime 

0.11532 

0.83001 

Sulphate of lime 

Carbonate of lime 

0 73780 

0.17501 

Magnesia 

Carbonate of magnesia 

2.07002 

414004 

Sulphate of magnesia 

Magnesia 

0.34015 

0.08030 


The first vertical columu of the table contains the names 
of the substances, from a known weight of which we wish to 
compute the weight of the substances embraced in the second 
column. The figures in the horizontal lines represent the 
quantities of the substances nam^rj, in the second vertical co¬ 
lumn corresponding to those quantities of the substances in 
the first column, which are signified by the number at the 
head of each vertical division of the table. An example will 
render the modaof using the table sufficiently plain. 

In the first analysis, the amount of sulphate of lime was 
76.05. To. ascertain from the table the quantity of carbonate 
of lime equivalent to this amount of sulphate, we find on the 
horizontal line appropriated to the carbonate, the quantity 
due to seven parts of the sulphate—namely, 5,16463, then 
the quantity due to six parts, namely, 4.42682, and then 
that equivalent to five parts or 3.68902. By arranging these 
in their proper decimal order, so as to impart to the several 

* This table is taken partly from II. Rose’s Analytical Chemistry, vol. ii., 
and partly calculated for the present purpose. The principle of this method 
of calculating analytical results was first set forth by Poggendorf, in his An¬ 
nals, vol. xxi-, and has since been extensively carried out by H. Rose in his 
work j ust mentioned. 

f The Tabic in the middle is to be read through both pages.—E dit. 
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Subtracting the insoluble matter, 2.3, from the sulphate of 
lime and insolqjafe matter, we have sulphate of lime 130.80 
per cent., which is equivalent, as the*table will shew, to 
96.3 per cent, of carbonate of lime. • * 

The amount of water as derived fro/h a third portion was 
0.2 per ednt. Our analysis therefore stands thus:— 


Composition in 100 parts— 

Carbonate of lime. 96,3 

Carbonate of magnesia... none 

Alumina..«. 1.2 

Insoluble matter. 2.3 

Water. a . 0.2 


100.0 


sulphate of lime } and also for calculating the carbonate of 


3 

4 

5 

1 ( > 

<1 

8 

9 

1.24.596 

1.66128 

2.07660' 

2.49102 

2 90721 

3 32256 

3.73788 

2.21311 

2.95121 

3.680()J 

4.42682 

5.16462 

5.90242 

6.61023 

621006 

8.28000 

10.35011 

12.42013 

11.49015 

16.56017 

18.63019 

1.02045 

1.36060 

1 70075 

2.04009 

2.38105 

32.72120 

3.06135 


amounts taken from the table, the value they are intended to 
have as units, tenths, hundreths, &e., and then performing 
a simple addition, we get the amount of carbonate corres¬ 
ponding to the whole quantity of the sulphate. 

The figures will stand tljps :— 

Sulphate of lime 76.05 


51.6462 

4.42682 

.000000 

368902 


Carbonate of lime 56.1099102 
In the same manner, 20.55 of magnesia will be found to 
be equivalent to 42.54 of carbonate of magnesia—thus:— 
Magnesia 20.55 


41.400 

00.000 

1.035 

1.03 


Carbonate of magnesia 42.538 
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As it may be sometimes convenient to evaporate tlie mag¬ 
nesian solution to dryness, ignite it, and from* * the sulphate of 
magnesia thus procured, compute the magnesia or its carbo¬ 
nate—we have introdyfced into the table a column to facilitate 
the calculations. 


XXVII.— Extract of a Letter from \V. Snow Harris, Esq. 
F.It.S., to Mr. \V. Stur^bou. 

* 

The simplicity and convenience of mv plan of fixed con¬ 
ductors having been in the year 1820 generally admitted, the 
Navy Board were led to institute some further inquiries into 
the gcucral ofleets of lightning on ship-board, and l was 
called upon to slu w that the connexion of my conductors 
with the sea through the metallic masses in the hull was in no 
way detrimental to their action, or liable to objection as in¬ 
volving any danger to the vessel—flic'electrical discharges 
might as safely become dispersed this way as by a lightning 
chain hung in the rigging, perhaps more so, considering that 
these conductors were massive and continuous, and linked 
with the various metallic masses in the hull and sea into one 
general whole. 

I was further called upon to explain what had been the or¬ 
dinary course of lightning on ship-hoard, and what would, in 
all probability be the effects of electrical discharges upon my 
conductors. 

In order to meet the views of the officers of the Board, as 
made known to mp at that time, I naturally enough resorted 
to such practical experiments and" observations ag were within 
my reach, and calculated to bear immediately upon the points 
in question: 1 cited numerous instances of ships struck by 
lightning, in wlpcli heavy discharges had been safely trans¬ 
mitted to the sea through the intervention of the keelson bolts 
and other metallic bodies passing through the hull, and which 
were shewn *to have been of such frequent occurrence as to lead 
to a common observation among sailors, recorded in the Phi¬ 
losophical Transactions, that when the lightning had reached 
the weil the danger was over. By way of shewing the opera¬ 
tion of my conductors through the half Presorted to the ex¬ 
periment you first loosely notice—strong charges from twenty- 
five square feet of coated glass were passed over a vessel’s 
masts, fitted with the conductors, so as to shew the perfect 
facility with which the charge, pervaded the hull ami the sea 
at the same time : the charge was adequate to the fusion of 15 
feet of small iron wire—percussion powder was. placed over 
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the joints of tlie conductors on the mast, and the sliding masts 
were put in motjoh at the time of the passing of the charge, 
and placed in different positions at each ^petition of the ex¬ 
periment. I believe, any one must perceive, that the experi¬ 
ment shewed—1st, The perfect operation of the conductor 
through the hull. 2nd, Its continuity. 3rd, Its complete 
operation, under every possible position of the mast, which 
was required to be done. 

You, however, shut your eyes Jo these plain deductions, 
and tell your readers that; the experiments prove nothing 
peculiar to my system of conductors, and serve only to 
shew that copper is a conductor of electricity, and that 
detonating powder can be ignited by an electric spark; 
and this is what you call giving “ a fair and candid ex¬ 
planation of my experiments before tlje Navy Board at 
Plymouth.” Now, I never asserted that any other conductor 
would not convey an electrical charge to the sea. My expe¬ 
riments were never instituted under such an impression: they 
shewed, however, the continuity of the copper plates along 
the masts in the way I had disposed them ; for had detonating 
powder been placed in a similar way about the conductors then 
in use, it would have inflamed, if exposed to a similar charge. 
These experiments were subsequently earned out in tlie 
Thames, opposite Somerset House, and again at Plymouth, 
on a very extensive scale, and in various ships of the navy, 
and were admitted by all who witnessed them to have an im¬ 
portant bearing on the question of marine lightning conductors. 

You inquire, whether you have not pointed out other expe¬ 
riments with which I ought to have made the Navy Board 
acquainted? Do you, then^eally imagine*that the simple 
facts to which»you allude, and which are known to every tyro 
in electricity, were not also well known to the officers of the 
Board ? 

Are you serious, when you say, I ought to h&ve shewn the 
officers that a wire heated red-hot by electricity would ignite 
gunpowder ? and that an interruption in the conductor, by a 
cut of a saw, would cause an electric spark in the opening ? 
However ignorant you may suppose the officers of the Board 
to have been of this subject, they certainly understood the 
matter very much better than you appear to do; they did not 
require such horn-book information : they entered veiy fully 
into the merits of the question, and left no point unexplored.- 
They required of me information respecting the relative con¬ 
ducting powers of different metals; their respective resistance 
to fusion by electricity; the ratio in which they became heated 
either by the same or different quantities of electricity ; the? 

Vol. Y.—No.* 27, September, 1840. 2 D 
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quantity required to beat wires of different diameters to tin* 
same degree, &e. &c. Experiments for thti perfect elucida¬ 
tion of which, in meeting their views, l was obliged to invent 
new electrical apparAugi, and exhibit the results in a way not 
before done. ' 

I come now to the experiment you have characterised as 
shewing nothing more than the effects of gunpowder “blowing 
asunder two pieces of wood.” This experiment was made to 
meet the inquiries of the Hoard as to the effect of a conductor 
incorporated with the mast, m con fin ing the discharge to its 
surface, and preventing it from entering the wood. 

Mv livst illustrations were confined to small models .about 


four or *ix inches in length, which could he splintered, by the 
force of a heavy battery, and sored from damage by the appli¬ 
cation of metallic leaf along the surface; hut being desirous 
to exhibit the same result on a larger scale, and shew how 
completely the surface conductor directed the charge without 
entering the interior, T tried the experiment under new and 
very delicate circumstances. A model of a mast, about ten 
feet in length, was made in parts, and an interrupted line of 
metal passed through it, percussion powder being placed in 
the interruptions ; a continuous conductor was attached to its 
exterior , and both connected at a common point of junction 
outside the model, so as to give the electrical shock the choice 
of passing in the direction of either ov both. In. no case did 
the heaviest explosion enter the mast whilst the exterior con¬ 
ductor remained. In fact, it was safe both from a direct, and 
what you call a “lateral discharge.” This result being first 
exhibited, the superficial conductor was removed, and a simi¬ 
lar charge passed ju order to shew by the explosion of the 
powder within, that the reason nt* its failing to explode in the 
former case, was owing to the presence of the exterior con¬ 
ductor. 


Now this result, hearing so directly on the application of 
conductors to the masts, and which every one will, f imagine, 
deem conclusive and fair, you briefly carricaturc as the “ blow¬ 
ing asunder two pieces of wood by gunpowder and accuse 
me of endeavouring to persuade the British Association that it 
is a “fair representation of the effects of lightning on a ship’s 
mast;” and this you call also an “ explanation” of my ex¬ 
periments. I can only account for such gross misrepresenta¬ 
tion by supposing what, I believe, ps after all, not far from 
the truth, that you are ready igngrant of the subject on which 
you have attempted to write. 

Thus in see. 202 of your memoir, you say, “ this kind of 
lateral discharge will always take place when the vicinal bodies 
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arc sufficiently capacious and near to the principal conductor 
which carries the primitive discharge, or to any of its metallic 
appendages and in sec. 108 and 199 tou say, that with a 
small jar of a quart capacity only, “ fjfi can produce lateral 
discharge, hall-inch long, and at a distance of 50 feet from 
the direct discharge. That a discharge from such a jar would 
imitate a flash of lightning striking a similar conductor on a 
mast.” In my experiment, which you so much abuse, we 
have actually all the conditions you yourself point out as es¬ 
sential to the exhibition of *your own results, supposing them 
to be according to the course of nature. I low then does it 
happen that we can pass the heaviest “prmfitive discharges” 
along the exterior conductor without in any way effecting the 
detonating powder within ? If what you say be true, the 
model should be blown asunder in consequence of the dis¬ 
charge passing down the exterior conductor. However much, 
therefore, you may choose to detract from this experiment, it 
is by your own admission consistent with the course of nature. 
What would you have more ? 

These experiments, to which you have alluded, form only 
a part of those originally employed—-there were a great variety 
of others, such as the dispersions of strips of leaf gold in cer¬ 
tain directions only, when placed in the same relative position 
as the conductor on the mast—the expansive effects of the 
charge on various bodies—fusion of wires, and such like. In 
short, the scries was as complete as could he desired : the ex¬ 
periments were examined by a Committee of the Royal Society, 
by Sir Humphry Davy, Dr. Young, and Dr. Wollaston; the 
latter entered minutely into the matter, and in a letter to the 
Comptroller of the Navy, 'Qiwi tlierti his unqualified approba¬ 
tion. I suppose Dr. Wollaston's judgment will be considered, 
at leas f equal to your own. 

You will excuse my entering into the detail of my kite ex¬ 
periments. Having been for the last ten yeiTrS an observer of 
atmospheric electricity, and having had an atmospheric con¬ 
ductor leading into my study, it would be remarkable, indeed, 
if 1 had allowed the common electrical kite to have escaped me. 

Do you wish u to persuade yourself” into a belief that your 
occasional amusement with this piece of philosophical appa¬ 
ratus entitles you to become a philosophical dictator ? 

With whatever self-complacency you may regard your em¬ 
ployment of the kite, tin? effects you mention are very common¬ 
place , and are as distinct from the effects of a concentrate^ 
flash of lightning striking a ship, in the way described by 
Lieutenant Sullivan, of the “ Beagle,” as it is possible to be. 

You ask pie to what kind of electrical action 1 attribute the 
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bursting of the hoops in the “ Rodney,” &c. To no electri¬ 
cal action at all, properly so called; but, /is Priestly lias 
already shewn, to the effects ol‘ sudden expansion. He says, 
“ the cause of this dispersion, &c. &c. of bodies in the nciyh- 
bourhood of electrical explosions is not their being suddenly 
charged with electrical matter, but the air being* displaced 
suddenly, gives a concussion to all bodies that may happen 
to be near.” Did you never see such effects illustrated by ar¬ 
tificial electricity ? Why, even children who use an electrical 
machine as a toy, arc acquainted with the propulsion of a small 
ball from an ivory mortar, by the expansive force in the sur¬ 
rounding air caused by a dense spark. Surely, the experi¬ 
ments detailed by Cutlibertson, to shew the bursting open of 
wood and other bodies, by the expansive effects of the elec¬ 
trical explosion, must be known to you. 

One would almost imagine by your putting such a question, 
that you were really uninformed upon some of the commonest 
experiments in electricity. 

Your question, whether I think it “more prudent to lead 
lightning into a ship or keep it out,” is a plain piece of sophis¬ 
try. If meant as an argument against my method of equalizing 
the electrical action upon the general mass of the hull and 
sea, is as deficient as any thing can be. It is, like many other 
similar efforts in your memoir, a deceptive and sorry appeal 
to the feqrs and prejudices of the ignorant, by imposing 
upon their credulity, and leading them to imagine that my 
conductors lead lightning in an explosive form into the ship, 
and deposit it there as so much cargo, than which nothing 
can bo more fallacious: almost every one acquainted with elec¬ 
tricity knows, thakthc gre.it use o£ ; a lightning conductor is to 
equalize, in a rapid way, dense electrical discharges, and so 
rob them of their explosive power by taking down their ten¬ 
sion. 

So far, therefore, from my conductors leading lightning into 
the ship in the way you would have it supposed , they virtually 
come under.the “ prudent part” of your question, and keep 
off the explosion altogether, by depriving the charge of its 
mischievous tendency directly it strikes any where upon the 
conductors aloft. Now, it should never be forgotten as an 
important feature in tins discussion, that whenever we set 
set up an artificial elevation on the earth’s surface we do, in 
fact, set up a conductor of electricity , that is to say, a light¬ 
ning conductor. The masts, themselves, therefore, are already 
lightning conductors, passing necessarily into the body of the 
vessel, and upon these discharges of lightning will fall, whe¬ 
ther detached metallic bodies be present or not, or whether 
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tliey be furnished with metallic conductors or not: this i.> 
proved by experience. The mast of a ship from its position 
{done, necessarily determines a discharge of lightning upon 
the hull. Now, by perfecting the conducting power of die 
masts, and connecting them with all the metallic masses in 
the hull and with the sea, we so complete the conducting 
power of the whole, that an instantaneous distribution takes 
place in all directions, directly the explosion strikes die mast 
head, and the electricity is changed immediately, from a dense 
form, into electricity of comparatively little tension. 

Now with respect to the actual results of the trials of my 
conductors. Have not these conductors, been tried in 12 
ships of the navy for as many years ? have not these ships 
been in all parts of the-world ? have they not all been exposed 
more or less, to severe storms of lightning 3- 

Ho not some of the officers w ho commanded them, and 
others, experienced men, insist on die fact of their ships 
having becu struck by lightning in the usual way without dam¬ 
age? Convinced of the protection my conductors afford, 
have not the captains of ships fitting for service, repeatedly 
applied to the Lords of the admiralty tube funislied with them ? 
Can you point out any instance , in which inconvenience or 
damage has arisen in these ships during this lapse of time ? 
The main argument of your quoston, therefore, is really 
answered by the results of experience; if you liav'e not any 
good fact to oppose to these, of what avail is any theoretical ob¬ 
jection to die use of my conductors you may find it convenient 
to set up. It must be quite apparent, that my method of de¬ 
fending shipping from lightning is based on admitted princi¬ 
ples in science , and is, con.wjaently, as freh from theoretical 
objection as any other method, A lightning rod as a defence 
from ligfttning, is, under any form, nothing but a means of 
rendering more efficient the conducting power of the general 
mass—so as to admit of such intense discharges being readily 
dispersed, which would otherwise by causing an explosive 
expansive force, produce damage . 

According to the Experiments of the learned Mr. Cavendish, 
the chances of escape from lightning is in this way , increased 
by at least four hundred million to one, even with a conductor 
of iron. 

The letter in your Annals, sighed W. Pringle Green, is 
really not worth my notice'. Ilis ridiculous queries have been 
so often before the public so often answered, that I cannot 
really notice them again. I must decline all intercourse with 
him in the shape of correspondence, and for this plain reason 
—I cannot pjace the slightest confidence in any thing he 
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advances. But, lest I should be thought harsh in making this 
assertion without apparent truth, I will give it few examples of 
his respeqt for accuracy, and 1 will leave it even to your “can¬ 
dour” to say how fsM am right. 

1st. In the Mechanic’s Magazine, vol. VIII, pagp 280, and 
in other places, lieutenant Green states that the conductor of 
St. Paul’s Cathedral, the largest ever put up, was, by a moderate 
flash of lightning, heated red hot , and therefore judiciously 
removed as dangerous and useless. 

That the conductors of St. Paul's church have been removed 
is a most shameless assertion. Neither have we good evidence 
for supposing it to have been made red hot —this I have shewn 
in my papers in the Nautical Magazine—at all events, if it 
had been, it could not have been from a moderate stroke of 
lightning, as stated*by Mr. Green. 

2nd. In the Mechanics’ Magazine, vol. viii. page 13, raid 
in a variety of other places, such as the public newspapers— 
in a pamphlet by himself, lieutenant Green states, II. M. Ship 

Kent” and “ Perseverance” were struck by lightning and 
damaged, although having conductors at the time. In the; 
“ Kent,” he says, three men were killed and several wounded, 
and the masts much damaged. At this time, he says, “ two 
conductors were up, and there were more than 20 sail of 1T.M. 
Ships in company, and near the Kent, without conductors, 
none of'which were injured .” Not finding a word about tin; 
conductors in the ship’s log, I remonstrated with lieutenant 
Green on the subject, when he again repeated the assertion at 
page 287, where he says, that he named the captains of the 
ships, and that “ more than one hundred officers and a thou¬ 
sand seamen witnessed tlie fiiei.*' 

The subject having been investigated by the. Admiralty Com¬ 
mittee, it appeared by letters from Captain Godfrey of the 
navy, and Admiral Cardon, the former in the “ Kent” at the 
time, the latter in the “Perseverance,” that these statements 
made by Lieutenant Green arc utterly unfounded. Captain 
Godfrey says, that the Kent usually had the conductors up; 
but having been damaged, they had been laid aside. Admiral 
Cardon, who was in the Perseverance, also affirms, that they 
had not a conductor in the ship. Lieutenant Green talks 
of “ imposing gross deceptions on the naval service and the 
public.” Pray, what does he call this ? 

3rd. In his letter in your last^ Number, page 230, he refers 
to the Naval Chronicle, vol i. page 201, as evidence to shew, 
that my plan has been copied from Mr. Marrot. Now in the 
/irst place, there is no mention made there of any such person; 
and secondly, the memoir to be found there by Jhe celebrated 
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Frenchman Le Roy, docs not contain one word about lightning 
conductors fixed in the masts. 

4th. In the same letter, and the same page 330, Lieutenant 
Green says, “ by my representation of thesjj facts, the existing 
Hoard of Admiralty, countermanded thd.Navy Board’s order, 
&c.” In ojlier places e. g. in his pamphlet above-mentioned, 
in the Mechanics’ Magazine, 288, he tabes credit to himself 
lor having through his influence with the Board of Admiralty, 
caused my plan to be laid aside. In order to ascertain if such 
were really the case, I wrote lately an official letter to the 
Board, referring to Lieutenant Green’s assertion in your work, 
and in other places. The following is the copy of the letter 
received in reply:— 

Admiralty, 6'tli March, 1810. 

Sill,—In reply to your letter of the 3rd instant, I am com¬ 
manded by the Lords, Commissioners of the Admiralty, to 
acquaint you that it does not appear by the records of this 
office, that their Lordships were in any way induced to lay 
aside your lightning conductors, by any representations .of 
Lieutenant Green, or any other persons, and that that officer 
is not authorized to make such statements.*' 

1 am, sir, your humble son ant, 

W. SNOW HARRIS, Esq. Signed, JOHN BARROW. 

5th. Lieutenant Green states page 232 of your last number’ 
and elsewhere, that my conductors are led through the after 
magazine +—this he has always insisted in, and has given a 
drawing to that effect. Will any of the thousands who have 
been at sea in the ships fitted with my conductors say that this 
is true ? 

These are a few of the mw^jgus. deceptions which appear 
in I iieutenanf Green’s productions. I do not think it woith 
while to cite any more. A brief notice of his style of reason¬ 
ing and I have done. 

In the Mechanic’s Magazine, vol. viii. page 14, in order to 
shew the danger or conductors, he states, that the setting up 
of certain pointed rods in Lausanne, in 1825, w r as* the cause 
of a terrible storm which happened there in 1824—that is just 
one year after the storm happened. This logic is based upon 
extracts from newspapers, in which the dates are given, and 
by wliat he calls an explanation in page 285, he makes the 
storm happen three years before the rods were set up, which he 
says was the cause of it. j 

* See Mechanic’s Magazine, vol. VIII, page 237. 

f Whatever might be the cause for discontinuing Mr. Harris’s conductors 
in several men of war which had been furnished with them, it is a fact that 
such was the case, as will appear by the appendix to this letter.— Edit. 



216 Mr. W. Sturgeon’s Letter to Mr. W. Snow Harris. 

In a newspaper called the Nautical Register, in which he 
WTote against my conductors in 1822, amongst a most luxu¬ 
riant variety of contradictory matter, he has Uiis remarkable 
passage: “ The following statement will bear me out in what I 
have advanced, that'fyb man ever did , or will exist , who can 
inrent anything to guard ships from the direful ^effects of 
lightning lie goes on to say:—“ In the year 1801 or 1802, 
II. M Ship Cleopatra was at anchor about 30 miles from Vera 
Cruz; early in the evening it commenced to rain, with thun¬ 
der, &c. *Thc conductor Was ordered by the captain to be 
hoisted at the mizen mast head, and from the time of its being 
hoisted until the morning did streams of electric fluid con¬ 
tinue to run down it into the sea.” Well, was the ship in¬ 
jured? Not in the least. Still this is to prove no man did, 
or ever will invent anything to guajd ships from the direful 
effects of lightning 1!! 

I am, Sir, your obedient servant, 

WILLIAM SNOW HARRIS. 

Plymouth , March 10, 1840. 


APPENDIX. 


Copy of a correspondence with Rear Admiral Warren, Admiral Superintendent 

of the Plymouth Dock Yard. 


“ Plymouth, 13Ui March, 1838. 

“ Sir, 

“ As several oflier majesty’s ships fitted with my new lightning con¬ 
ductors have been paiif off at ITymouifc*-^nd their spars returned to the dock 
yard. I should be much obliged by your informing me whetlief the conductors 
still remain in them ? Whether any having the conductors have been se-issued ? 
Whether, in the case of their having been removed from any cause, they have 
been refitted in another ship, or have been duly set aside for that purpose ? as 
also, whether any spars with the conductors in them arc yet remaining in 
store. 


“Iam, Sir, 

“ Your very obedient servant, 
W, Snow Harris.” 


“ Plymouth Yard, 16th March, 1838. 

“Sir, 

“As requested by your letter of the J3th instant, I beg to enclose 
to you a report of the particulars ’therein* required, respecting the spars in 
store* fitted.with lightning conductors, on the plan suggested by you. 

“ I am, &c. &c. 

(Signed by the Admiral Superintendent.) 
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Copy of the Report to the Matter Shipwright. 


“ Plymouth Bock Yard, 15th March, 1838. 


“Sir, . , 

“ In reference to the questions contained^ Mr. Harris’s letter of 
the 13th instant, I beg to state:— 

1st. Thai, the conductors in the spars of ships paid off at this port have 
been removed, with the exception of five top-gallant masts returned from the 
Forte, which arc now; in store, the conductors remaining in them, 

“2nd. No spars have been re-issued with the conductors remaining fixed. 
“3rd. The conductors which have been removed, from whatever cause, 
have not been refitted to other ships t but returned into store in common with 
other old copper .” 


“ Mr. Harris’s fourth question appears to be answered in the first para¬ 
graph of this memento.” 

“ (Signed) J. F. Hawkes. 

J. Shaw.” 

To the Master Shipwright.” 

In consequence of this correspondence, I addressed the following letter to 
Sir J. Barrow, who had previously favored me with an interview on the 
subject. 

“ Plymouth, 10th March, 1838.” 

“ My dear Sir, 

“ I wrote to admiral Warren soon after my return. You will 
soon see by the copy of the correspondence herewith transmitted, that the new 
"'lightning conductors have been, with a few trifling exceptions, all torn out of 
the masts and thrown by in a somewhat contemptuous way as old copper: 
thus, the plates which might have been very well replaced in other ships, 
have not even been taken care of. The correspondence with admiral Warren 
is very brief, and will not cost yon five minutes attention.’* 

“ After the explanation you were so good as to favor me with*respecting 
conductors, I cannot bnt believe you would wish to have me fairly dealt by in 
this matter j and I should hope that tho Board would not, on a review of the 
facts, treat me ungenerously. Let us then see in as fern words as possiblehovt 
the matter stands in relation to the Admiralty, the country, and myself.’’ 

1st. It is an admitted fact, that ships may be burned and destroyed by 
lightning ; the logs of the navy shew that this is by no m^atts improbable, and 
that some missing ships may have pefitl^Mrtfrn this cause. They exhibit a 
loss of life, of damage, and loss of services of ships at critical periods, not 
generally appreciated : well then, this subject has been deemed of sufficient 
consequence to engage the attention of scientific persons for more than half 
a century, and some steps have been taken to palliate the ejects of lightning 
on ship board. The methods proposed have been inadequate in some way for 
the damage has continued np to the present time ; notwithstanding that 
buildings on land have been protected from this source of danger.” 

“2nd. Tn the year 1820 I investigated practically this question, and shewed 
how the fixed continuous conductors of Franklin might be rendered available 
yn ship board, and how by a perfect system of conduction throughout the hull, 
all the protection which could possibly be obtained from admitted scientific 
priciples, would be arrived at.” 

“ 3rd. My proposals were eventually carried into effect in eleven ships of 
the navy, and the results has been as perfect as could be hoped for. The 
written testimonies of officers in qommand of the ships, prove that they hare 
been exposed to heavy thunder stormy; that they have been actually struck 
by the electric fluid, without in any case receiving the slightest damage: thus, 
not only shewing that the conductors are unobjectionable , but actually 
useful.” 

“ 4th. The conductors not only stand upon this, but they are supported by 
the avowed opinions of some of the most talented men in science the country 
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has to boast of: almost every naval officer, to whom the conductors are known 
is desirous to have them, and many have applied for that purpose; and this 
feeling prevails even with the sailors who were at sea inithe ships fitted with 
them, as, for instance, in the Beagle and Uryad.” 

< ‘4th. In the face of dl {his how docs the matter actually stand at this pre¬ 
sent instant ? why thus,\ie ships in which the conductors were fitted, have 
been nearly all paid off, the plates, have been commonly torn out of the masts, 
and thrown by as old,copper, and no notice taken of it. A grea'i national ex¬ 
periment has been abandoned, and the results lost to tho country, without any 
assignable reason, without enquiry. An experiment of great consequence to 
our commercial and naval prosperity, and one which has occupied the atten¬ 
tion of the scientific part of Eurqpe for upwards of 70 years.” 

“ Can the affair possibly rest here; I am sure this could not be the serious 
intention of the Board; nevertheless, siudi is the actual state of the question 
in relation to the Admiralty and the country.” 

“f>th. In respert to myself, 1 must necessarily feel the circumstances above 
detailed to be very severe, and uncalled for by any thing on my part: it is 
always difficult to speak of one’s self; there arc however some cases in which 
we arc called upon to do so ; this appears to be one of them; and if it be 
done with becoming diffidence, I trust you will excuse it.” 

“ Ttis well known, {hat so far as ability has enabled me, I have for many 
years cultivated with great zeal, experimental science ; and have not spared 
time, toil, or money, in doing so, as 1 believe my papers in the ‘ Philosophical 
Transactions’ fully shew ; indeed, the Royal Society marked their sense of 
my contributions to the pages of the ‘ Transactions,’ by awarding me their 
Copley medal in 1835. Many of my researches in electricity and magnetism 
have been of practical advantage to the navy ; I may claim therefore, at the 
hands of the Board some little attention.” 

“ Now, in perfecting the application of conductors in ships, I have incurred, 
not only a very serious responsibility, but a very heavy expense. You can¬ 
not but believe, that if any damage had happened, either to the ships fitted 
with the conductors, or even to the buildings at the Victualling office at 
Plymouth, (which I should remark, were protected from lightning under my 
direction,) I must have been the person held responsible with the public. Is 
it right that one who successfully labors to promote the national science, 
and whose services have been advantageously used for the general good of the 
navy, should be passed by with coldness and neglect ? Here arc these con¬ 
ductors, notwithstanding the many documents and facts conclusive of their 
value, thrown unceremoniously aside as old copper, and no notice taken of it: 
surely, without anj* claim i^y.v havc^ jie consideration of the Board on the 
ground of general science, this ’ll'must be admitted has^lhe appearance of 
dealing somewhat unjustly by me. I cannot but believe, that in stating 
thus freely all 1 have to say to you, I am appealing to one wH3 has himself 
done much for the literary honour of our country, and who, anxious for the 
- advancement of ^natural knowledge, must necessarily feel well-disposed to 
promote an enquiry into snch a case. When we consider the resources of this 
powerful nation, and how much its interest is involved in its naval and com¬ 
mercial prosperity, it surely cannot be on account of a thousand or two pounds 
that an invention of practical advantage to the navy is laid aside.” 

“ I trust you will be so good as to bring this matter under the consideration 
of the Board, and will do me the justice to believe, that I desire nothing 
which may not come fairly and openly before the country, without any kind 
‘ of reservation whatever.” 

“ l am dear Sir, &c. &c. 

W. SNOW HARRIS. 

> O' 

Sir John Barrow made a courteous reply'to this communication: the mat¬ 
ter, however, eventually terminated in nothing more than the fitting of the 
Acteon, without my knowledge, in the way before explained, sec. 19, page 13. 
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Copy of correspondence with the Admiralty, on the subject of an extract from 
a report on the n&m conductors to the Admiralty , from the Officers 
*■ of the Plymouth Dock Yard. 

“ AdmiralW, 12th December, 1837. 

“ Sir, i 

“ Wyth reference to former correspondence upon the subject of your 
lightning conductors, I am commanded by my Lords Commissioners of the 
Admiralty to transmit to you the accompanying extract of a report from 
Plymouth Dock Yard, relative to the state of the masts of the Caledonia, in 
which the conductors were fitted. 

* “ I am, &c. &t\, 

« “C. WOOD" 

“ W. Snow Harris, Esq." 


Extract of a report from the Officers of Plymouth Dock Yard, dated 6th 

December , 1837. 

“ Wo beg to acquaint you that the conductors hav^been removed from all 
the spars returned from the Caledonia; that the main-top mast has been con¬ 
verted to a brig’s main-maist; the fore and main-top gallant masts have been 
appropriated to jury gear; and that owing to the scores left in tile spars by 
the removal of the conductors, it will be necessary to reduce them before they 
be re-issued." * 


“Plymouth, 16th December, 1837. 

« Sir, 

“ I feel much indebted to the Lords Commissioners of the Admi¬ 
ralty for the extract of the report from the Plymouth Dock Yard, relative 
to the state of the masts of the Caledonia, fitted with my lightnipg conduc¬ 
tors ; and hope tc be permitted to offer the following remarks on it, which 
their lordships will, 1 trust, take into their candid consideration. 

“ I find on inquiry, since I was honoured with their lordships’ communica¬ 
tion, that when the Caledonia was dismantled 

“ 1st. That her three working top-masts, having been in the ship for more 
than seven years, were so rubbed in the caps and otherwise worn, that they 
were not considered fit for further sc: • 

“2nd. That nfl kind of defect was discovered arising out of the application 
of lightning conductors; that so far as the conductors were concerned, the 
masts might have been ayain used. 

“We learn, therefore, from these facts, that the conductors remained per¬ 
fect in the masts up to the time of the masts being considered no longer ser¬ 
viceable, and that since tho plates of copper were still good, they might, 
consequently, be re-applied to other masts of the same dimensions; without 
any new expense except in labour. • 

“ 3rd. That the three spare top-masts, at sea in tho ship for more than se- 
ven years, were returned into the store as serviceable top-masts, and might, if 
they had been permitted to remain in the same state in which they were re¬ 
turned, have been re-issued, either to the Caledonia or to another ship of her 
class, without the necessity of any alteration whatever. That for some rea- 
so .ot explained, the plates were taken out of the masts, and, of course, as 
a lessary consequence , the shallow groove in which they were inserted left 
* <osed. 

* As these spars were never intended to be used without the conductors, any 
jduction contingent upon their removal was a matter of choice , such removal 
Jeing quite unedited for. 

“ I would still, however, respectfully submit to their lordships, that even 
although the plates should be removed, a reduction of the spar is not abso- 
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lately necessary; for if an oak batten was inserted in the grove, in place of 
the copper, and the whole planed off fair with the round of the mast, I am 
prepared to shew that the spar would be as serviceable as at first. 

“ Admitting, however, that the spar must be reduced, it is still not neces¬ 
sary to do more than pair of the small projection of the groove, (which is, after 
all, very little more thany quarter of an inch in depth,) the diminution of 
strength by this is really inconsiderable, and the mast might still be re-issued. 
The Spartiate’s jib-boom, for example, was re-issued in this way, and, I be¬ 
lieve, answered well* 

“4th. That in the conversion of the top-mast tote brig’s main-mast, the 
requisite reduction carried all round the spar was not so great on account of 
the groove as was found necessary bring the spar down to the required size. 

“ Should it ever be requisite to convert a top-mast once fitted with my con¬ 
ductors to any other purpose, the necessary reduction is always much more 
than is contingent upon the groove for the lightning conductors. 

“ Their lordships will, 1 am sure, allow, that if after more than seven 
years, the wood was, on the removal of the copper plates, found so perfect as 
to admit of the mast being converted into so important a spar as a brig’s main¬ 
mast, we have not much to complain of on account of the application of the 
conductor. 

“ I would in conclusion respectfully call their lordship’s attention to the 
fact, that out of eleven ships fitted with the new conductors, few, I believe, 
now remain in commission, except the Beagle.* That although on being 
dismantled, their spars, with the conductors in them, remained perfect, and 
so far as the conductors were concerned, fit to be re-issued, yet, in several 
instances which have come to my knowledge, the conductors have been taken 
out of the masts, and the masts used for various purposes. I have no doubt 
the mast makers can explain why they have been led to do this in many cases, 
but why they have done so in others does not immediately appear ; us no com¬ 
plaint has ever been made of the conductors so far as the masts were concerned, 
and that without any additional expense to the country the serviceable masts 
might still have been applied in the same way, and many ships been fur¬ 
nished with this protection from lightning.” 

“ It is will known to their lordships that the Beagle was full five years on 
service, and that yet she has gone to sea with the same spars and conductors 
in them, on au equally long voyage, with the exception of new top-gallant 
masts.” 

“ I cannot but respectfully bespeak their lordships’ attention to these facts.” 

“ And remain, Sir. &c. &c., 

• WM. SNOW HARRIS.” 

“ To Charles Wood, Esq., M.P., &c., &c.” «* 

n 
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XXVIII-—Mir* W. Sturgeon’s Letter to W. Snow 

Harris, Esq. F. R. S. 

r 

Sir,—I hope you will acknowledge that I have given pub¬ 
licity to every part of your letter, that can possibly be useful 
either to yourself, or to the cause of your marine lightning 
conductors; to have published the other part of your letter, 
could have answered no laudable purpose whatever. I can 
have but very little to say in reply, as the opinions which I 
have already entertained, and which are already before the 
public, are not in the least affected by any facts which your 
letter contains. Your answers to the queries in my letter are 

* Thai is. to say, in which the i<mdudois still remain psrfeet. 
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partly satisfactory,and partly otherwise. Your explanation of 
the expansive effects of lightning are perfectly satisfactory, 
because you necessarily admit that lightning was the primitive 
cause, which admits of the correctness k>f all I have said res¬ 
pecting a lateral discharge of the first kind.* 

Your explanation of the reasons which led you to proceed 
in the manner yop did with the experiments at Plymouth, 
before the Navy Board, appear to me any tiling but satisfactory. 
That your conductor on board the* Louisa cutter, was perfect 
enough to carry those electric charges which you transmitted 
through it, there can be no doubt whatever; but, that it shewed 
any peculiar advantage of action over other conductors I must 
still deny; although you say that, “ £ shut my eyes to these plain 
deductions , and tell my readers that the experiments prove 
nothing peculiar to your system of conductors, 8fc” Now 
his sentence of yours, obviously implies a claim of some pecu¬ 
liar advantage of your system of conductors being demonstrated 
by those veiy experiments, and a censure upon me for not 
telling ray readers that such was the case. Had I said anything 
otherwise than that which I (lid say respecting the character 
of the Plymouth experiments, I should have told my readers 
an untruth; and 1 think that not only my readers, but your 
readers also, will see pretty clearly, that I was perfectly cor¬ 
rect, in stating that “ those experiments are no more illusta- 
tive of the efficacy of Mr. Harris’s system than of •any other 
ever yet offered to public notice,” when I point out to them 
your own words on this matter, which arc the following. 
“ Now I never asserted that any other conductor would not 
convey an electrical charge to the sea. My experiments were 
never instituted under such an inpaj^asion.’’* I am sure that 
both of our*readcrs will be much pleased to find that you 
have so ably set this matter at rest. 

With respect to the “ horn book”f work winch you speak 
of, I have no moans of knowing anything farther than that 
which the character of your experiments indicates, which, to 
an electrician, would not appear very conclusive. And the 
reason you have given for employing gunpowder to show the 
effects of lightning on a ship’s mast, arc quite unsatisfactory.}: 
Had you continued your illustrations on the small model, 
which for the first time, you now speak of, they would have been 
perfectly satisfactory. It is an old experiment and quite con¬ 
clusive ; but I must certainly still indulge in the opinion that your 
gunpowder experiment was*not only quite out of place, but 

* Fourth Memoir, paragraph 139, page 174, vol. iv. of these Annals. 

f Fourth Memoir, page 166, vol. iv. of these Annals. 

I Mr. Harris's letter, page 209. of this Number. 
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tended to give a false idea of the nature of thp action by which 
masses of wood are cleft by flashes of lightning* 

I am of opinion, also, that you are led into error even 
“ under the new and^ fery delicate circumstances” by which 
you “ tried the experiment.”* For if the detonating powder 
did not fire in the, interrupted part of the circuit, hy your ex¬ 
periment, that can be no very decisive reason why it should 
be so extremely obstinate in other hands. The “hom 
book” informs me that eaclubranch of the conductor will carry 
a portion of the charge if sufficiently powerful, and the inter¬ 
ruption in one branch of the conductor be only small. 

Your view of my “ lateral dischage” at a distance of 50 
feet from the direct discharge , seems to have 1 led you into 
some considerable error concerning lateral discharges in the 
body of a ship fron^ direct discharges through my system of 
conductors in the rigging. 1 think that I have stated pretty 
clearly that this 50 feet, was 50 feet of metallic wire, (see 
page 175, vol. iv. of these Annals ); and I never yet understood 
that there was a direct metallic communication between the out¬ 
side of a ship and herpowdor magazine!!! or that the one was very 
near to the other: and 1 think you will admit that the distance 
of your conductors from the magazine is very trifling indeed, 
when compared with the distance between the latter and the 
outside of the vessel. 

Moreover, the distribution of my conductors in the rigging 
is such that every flash of lightning which struck them, would 
be equally distributed amongst them before it arrived at the 
body of the ship: so that a small fractional part only, would 
be carried by any one of the lower branches: and as each 
branch conductor* would? ^rjy an equal share, the forces on 
the two sides of the ship would be so completely balanced as 
to neutralize each others action on bodies placed# directly 
between them, not only as regards lateral discharges , but also 
as regards the magnetic action of heavy flashes of lightning: 
for although an electric discharge traversing a single con¬ 
ductor, will magnetize a ferruginous body, a needle, for 
instance, placed within the sphere of its action, yet no dis¬ 
charge of electricity which passed equally on both sides of the 
needle would magnetize it: because one part of the electro¬ 
magnetic action would counteract the other part of it, and 
they would mutually neutralize each others effects. 

In regard to “Dr. Wollaston’s judgement” on matters of 
philosophy, I shall always have ar great veneration, and what¬ 
ever degree of approbation lie may Tiavc happened to confer 
upon your conductors, I should have found very little difficulty 
in making that philospher sensible of the dangerous effects of 
* Mr. Harris’s letter, pape 210 of this Number. 
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their clectro-magnetic powers when traversed by heavy flashes 
of lightning. T^his is such a simple and common “horn-hook” 
affair, yet such an important consideration in the disposition of 
marine lightning conductors, that its orjiission in the report of 
the committee is an event in British science, which leaves you 
and the scientific councillors , in no very enviable position. 
And although it may not have occurred to you before, that the 
situation of your conductors would give them a most dangerous 
influence on the chronometers and compasses of the ship, yet 
now that I have clearly pointed out the fact, it behoves you, 
at this critical period, to make known to the Adinimlty that 
such is the case, in order that some means may be adopted to 
prevent those serious consequences which your system of 
conductors can hardly fail to produce. 

1 do not find that any other part of your letter requires my 
notice, and as 1 have met every other effort which you have 
made in favour of your conductors, in my former letters, 
without experiencing the slightest reason for altering my first 
statements, made in my fourth memoir, I necessarily conclude 
the discussion, under the same impressions as those with which 
1 began. The errors into which you have accasionally fallen 
in those papers which you have published since the appearance 
of my fourth memoir, have certainly tended to rectify my 
former views of your mode of philosophical reasoning, which, 1 
believe, is the only remuneration 1 need expect; unless, indeed, 
my exposure of the dangerous tendency of your lightning 
conductors may induce those in authority to pause, and re-invos- 
tigate the whole subject,* before any decisive steps may be 
taken for fitting out the britisli fleet with any lightning con¬ 
ductors whatever. And as 1 have sjpnc reason for supposing 
that such will be the case, 1 au.ouflin hopes of experiencing 
the gre^t satisfaction of having been instrumental in averting 
those personal and national calamities, which, in every proba¬ 
bility would occur from the cflects of lightniqg, were our fleet 
to be furnished with conductors such as you have proposed, 
And should I even be disappointed in that particular, it will 
always be a gratifying reflection that I have pointed out the 
means whereby those dangers might be averted, at an expense 
oflittle more than the first cost of the material; and without 
detaining any ship in harbour, or causing any other obstruction 
in the performance of any part of her duty, whatever may he 
the nature of her service, and on whatever station she mav 
happen to be placed. , 

I have the honor to be, 

Sir, 

Your obedient Servant, 

W. STURGEON 


W. S. Harris, Esq. 
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On the change of Colour of bodies. 


XXIX.— On the cause of the change in colour which takes 

place in certain substances under the influence of Heat .— 

By C. S. ScHOENB'ilN. 

It has not fallen within the power of man, up to' the pre¬ 
sent time, to determine'the relation which exists between the 
chemical nature of a body and its colour; it is probable that 
the determination of this difficulty presents one of the most 
difficult problems that philosophers and chemists will have to 
resolve.* We know not why copper is red, gold, yellow; the 
cyanite of iron blue, and, in particular, we are complely un¬ 
certain whether the cause of the colour of a substance ought 
to be sought for in the nature of its mobeculcs, or in the par¬ 
ticular mode of their aggregation. But whatever be the ob¬ 
scurity which reigns’ in this point of view, and however great 
our ignorance on the true cause of the colourization of bodies, 
we know, notwithstanding, that the fact which determines 
the chemical nature of any substance is that which decides, 
before any thing, its relations with the light; and, in fact, 
there are a hundred cases in which we may conclude with cer¬ 
tainty, that a chemical modification has taken place in a body 
after a modification of colour has been observed. But it is 
not only these luminous phenomena, with relation to colour, 
which are frequently modified by the effect of the chemical 
changes of the substance; those of this species of phenomena 
which may be referred to refraction, to reflection, to inflection, 
and to polarization, are under the same influence: and, in 
short, we may safely affirm, that in order to arrive at the es¬ 
tablishment of the idenHtv or the chemical difference of sub¬ 
stances there exists no rc-s^iut more sensitive than light. 

Up to the present time, with our chemical means,.owe have 
only been able to determine amongst bodies those differences 
the most gross, and easily to be perceived; and, without 
doubt, also, for this same reason, we have admitted as iden¬ 
tical with each other a great number of substances, which, 
upon examination, by the aid of re-agents the most delicate, 
will eventually demonstrate to us that there is no identity be¬ 
tween those bodies. It is then very desirable that opticians 
should come in to the aid of their chemical brethren, and by 
furnishing them with such instruments as are necessary, ena¬ 
ble them to determine, in a manner, at once easy and certain, 
the slightest qualifying modification which takes place in any 
which may be subjected to their inquiry. When once the re¬ 
search into the chemical nature of substances, by optical 
means, shall come into general use, I am persuaded that our 
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knowledge in this? respect will bo rapidly extended, and we 
shall acquire more correct ideas than those wo possess at pre¬ 
sent on the intimate nature of substances. The researches of 
Newton on the power of bodies to refract light, and the re¬ 
searches,.still more recent, of the celebrated Biot, have already 
placed in a striking point of view the great importance it may 
be to the chemist to have a knowledge of the optical character 
of bodies. 

I have no other end in view, in»publishing this work, than 
that of calling the attention of philosophers and chemists on 
the importance of the momentary and sudden changes of co¬ 
lour which divers substances undergo under the influence of 
boat. 

In comparing the chemical nature of substances which pre¬ 
sent this phenomenon in these indicated circumstances, it 
ought to excite our surprise, above all, that it is only observ¬ 
able in compound bodies. Sulphur, phosphorous, and perhaps, 
also, selenium, which are considered as simple substances, 
form exceptions; but the property which these bodies possess 
of taking various colours in different circumstances, ought, 
perhaps, to be suflicient for us to presume that they are com¬ 
pound, more especially if we consider that sulphur, and in 
all likelihood also, the two other substances are. 

The number of compound substances which are possessed 
of the properties of which we are now speaking is ?ery con¬ 
siderable, and it would be too tedious to name them. Amongst 
those which are solid, I content myself with naming the red 
oxide of mercury, which, upon being heated, takes a brown¬ 
ish black colour. The yellow basique nitrate of mercury, 
which in the same circumstances ns ?>uTnes a*red colour; the 
red iodure of*mercury, which becomes yellow at an elevated 
temperature; the citron yellow coloured chromate of potash, 
which takes an orange colour on being affected by strong 
heat. The liquids, with some exception, change colour in 
general when they are heated. A solution of muriate of co¬ 
balt, for example, which when cold is of a yellow brdwn colour, 
becomes blue on being heated; an acid solution of nitrate of 
iron, which at the ordinary temperature is completely colour¬ 
less, becomes a reddish yellow when heated. Nitrous acid, 
(colourless at 20°) becomes yellow, and even a red brown on 
being exposed to heat: the colourless combinations of this 
acid with nitric acid, sulphuric acid, phosphoric acid, &c., be¬ 
comes equally yellow in the s‘ame circumstances. Among the 
compound gases I know of none of which the colour is sen¬ 
sibly changed by the effect of heat except it is the nitrous 
acid gas, whose colour is, as is well known, of a deeper hue 
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at a high temperature. But it is very likely that a more pro¬ 
found examination will shew that other aerifhrm bodies also 
change colour with thjsir temperature. 

The question in point now is to resolve, to what cause the 
phenomena in question may be attributed; whether it is to 
mechanical circumstances, or to chemical changes.- Up to 
the present time we have always sought to explain it, by 
vaguely admitting that heat produces a certain modification in 
the arrangement of the ultimate molecules of a body from 
whence proceeds a change of colour. This hypothesis may 
possibly be exact, generally speaking, but it is so vague and 
indeterminate that it leaves, in a complete uncertainty the 
question of ascertaining whether heat only changes, the 1 da¬ 
tive position of the compound molecules, or whether the sim¬ 
ple heterogeneous -atoms combine among themselves under 
the influence of an elevated temperature, in other affinities 
than when the body is not heated. Some recent researches 
of Mitseherlieh, ltosc, ami other chemists, have demonstrated 
that certain salts undergo an essential modification, one might 
almost say chemical, though this was not a decomposition in 
the ordinary sense of the word. Thus the arroganite, heated 
to a full red heat, is transformed into calcareous spath \ the 
red pyrimidal iodure of mercury into the prismatic yellow 
iodure of mercury, without the observer being able to perceive 
any modification in the composition of these two bodies. Other 
examples of the same nature might easily be cited. 

An important circumstance, to which I shall endeavour 
at tho present time to draw your attention, is this, that the 
red iodure of mercury, pn being transformed into yellow iodure 
by the action of bent, pcr&itfa some time still, it is true, in 
its new estate after being cooled, but does not fail, neverthe¬ 
less, to bike its primitive state without the sensible interven¬ 
tion of any exterior action, though mechanical causes, such 
as a sudden shock, singularly hasten its return to the normal 
state. The arroganite once transformed into calcareous spath, 
undergoes no further change. There is not the least doubt 
that in the case whence arises the question, that heat only 
produces in the chemical nature of bodies that modification 
which chemists call isomeric. They form new substances, 
which are distinguished in particular from those from which 
they proceed by a peculiar form, by their specific gravity, by 
their hardness, and by their actign bn light, and, in all like¬ 
lihood, by other physical properties. 

What is it now which takes place in those substances which 
thus change colour with the temperature ? Does this change 
indicate different chemical combinations among the constituent 
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elements, and ought it to be regarded as a proof that the mass 
resting identical, the same element can form a series of iso¬ 
meric combinations, of which each in particular is produced 
by a determined temperature ? The change which takes place 
in the red iodure of mercury appears to me to be of particular 
importance in the answer to these question,?; on one hand, 
because the phenomena which this body presents approach in 
appearance those of bodies which the act of cooling causes 
to return to their former state, (the elements of this iodure 
not persisting, in fact, in their new combination); on the 
other hand, because the body approaches also to carbonate of 
chalk, the iodure not taking immediately its* primitive state 
when the cause which modifies it has ceased to act. Under 
the relation of the variability of its molecular composition, 
this iodure places itself then between the calcareous carbonate 
and the combination in which the change of temperature, 
and the modification in the chemical constitution, onlv remains 
as much in one as the other. 

Let us now seek a solution of the proposed question, at 
first in that which concerns the oxide of mercury, which 
presents a change of colour so remarkable. The mode of 
combination of oxygen with mercury, under the relation of 
intimacy, ought not to be the same at elevated degrees of tem¬ 
perature as at inferior degrees: it is already acknowledged, 
that at a certain temperature these two substances, separate 
one from the other, and it will be easily admitted, that as the 
oxygen holds much more feebly to the mercury, that the oxide 
is most heated. Now, a difference in the intimacy with which 
the same elements are combined constitutes already, accord¬ 
ing to my ideas, a difference eithex •qualifying or chemical. 
After that, the oxide of mercury m a heated state, is chemi¬ 
cally different from the cold oxide, and therc*exists between 
the two an isomeric relation. To speak more properly, all 
the chemical combinations which arc of different temperatures, 
are, it is true, in the same case, but particularly those which 
heat alone decomposes. It seems possible to me, however, that 
many compound bodies undergo, in their intimate nature, by 
the effect of heat, modifications which may have, it is true, 
a distant reason in a change of relations of affinity, but which 
are owing, above all, to a momentary derangement of the 
constituent elements, out of their normal position taken at 
the ordinary temperature. It is, in effect, a singular fact, 
that many compound bodies* take, when they are heated, a 
colour which characterises another degree of combination of 
the same elements. The following examples will serve to 
make the case in question better understood. 
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At an elevated temperature, the oxide of mercury takes the 
colour of the oxidule of the same metal; the deuto-sulphuret of 
mercury, the colour of.proto-sulphuret; the proto-chromate of 
potash that of double salt; the colourless solution of nitrate 
acid of iron that of the solution of a nitrate basique of that 
metal; the solution yellow and neuter of muriate of cobalt, 
that of the .acid solution of the same metal, &c. Now though 
this shadowing change may not be observed in each of the 
substances which change colour with the temperature, the 
cases where it. presents itself are,,however so very numerous, 
that we are not at liberty to consider this phenomenon as 
simply the effect of chance, nor to suppose that the changes 
in colour of these substances are owing to the formation 
of a new combination : as for example when the deutoxide of 
mercury is heated it is transformed into protoxide, the neutral 
salt of chrome into acid salt, the neuter solution of muriate of 
cobalt into an acid solution, &c. But as, in the examples 
here cited, the heat does not separate oxygen, nor potash, &c. 
it is necessary to admit that these substances are found in an 
intimately mixed state in the bodies which we have submitted 
to the action of heat, or else, that the new combination 
possesses still so great an adhesive force for the substance 
which has been insulated, that it cannot be separated from it. 
It is possible, also, for example, that a molecule of mercury 
may be found, during the process of heating, nearer to one 
of the particles of oxygen enclosed within an atom of oxide 
than another, and that this second particle remains attached 
to the oxidule by the effect of a species of affinity, and is 
thus prevented from disengaging itself under the form of gas. 
VVe may suppose*again,"that there is established, sometimes 
between the two elements of a combination exposed to the 
action of the heat such a relation that they are, it' is true, 
completely separated one from the other under the chemical 
relation, but tfiat they are still retained together by the effect 
of an attraction, similar to that which Faraday believes to be 
exercised b*y platinum on oxygen. 

It is the skilful Kielmeycr, if I mistake not, who has ad¬ 
vanced, now a long time since, the idea that each particular 
temperature has its own chemical power. Without wishing 
to take this assertion for granted, I believe, however, that it 
is true in general, and that a proof is furnished of its correct¬ 
ness in the change of colour produced by heat in compound 
bodies. As I have already made the remark, that chemists 
have not, during a long time, taken account only of the most 
glaring differences of bodies, and have regarded" as identical 
those substances which have given as the result of analysis 
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the same elements in the same proportions. The discovery 
of isoiuery, £kid of dimorphic, with which it is intimately con¬ 
nected, has elicited the fact, that the equality of elements, 
and the proportions in which they are Combined, is not a cer¬ 
tain criterion of the identity of chemical substances, and that, 
in this case, it is quite possible that there may exist great differ¬ 
ences in the physical and chemical properties of bodies. How¬ 
ever, let this point be once established, and that in particular it 
has been demonstrated, that by fche aid of heat wo can accom¬ 
plish not only the decomposition of substances, but, likewise, 
isomeric transformations, we may hope that chemists will di¬ 
rect their attention to the qualifying modifications less appa¬ 
rent, and particularly on the transient modifications which 
these bodies undergo under the influence of heat. Researches 
of this description would uot fail to extend the actual limits 
of chemistry, and give us more correct ideas on the different 
modes of combination of elementary substances, as also, to 
spread the light of day on the relation which exists between 
the molecular constitution of a body and its physical and che¬ 
mical properties. * 

In order to find some experimental proofs in favour of the 
opinion which I have advanced in relation to the cause of the 
change of colour on many substances, I have had recourse 
to the galvanometer. It is a fact, recognised by most philo¬ 
sophers, that every chemical modification, formation, or de¬ 
composition, of a compound body, has the effect of destroying 
the electrical equilibrium of substances which act upon each 
other. Upon this principle, if the change of colour, now in 
question, is to be attributed to any chemical modification 
whatever in those substances in which it is ®bservcd, we ought 
also to see established a voltaic current, and to ho able to 
demonstrate the existence thereof, in favourable circumstances, 
by means of the multiplicatier. Now, to speak of solid sub¬ 
stances whose colour changes with the temperature, they are, 
unfortunately, such bad conductors of the voltaic current that 
they do not leave the least possibility of availing ourselves of 
the use of the galvanometer. It is not the same, however, 
in liquid substances; but I have made use of them to make a 
series of experiments, of the results of which I have hereaf¬ 
ter spoken. 

We know that an acid solution of ehlorure of cobalt, a little 
concentrated, is blue, but that it becomes yellow by the addi¬ 
tion of a small quantity of water. If this yellow liquid he 
heated, it retakes its blue colour, and this colour becomes 
deeper as the colour of the liquid is more elevated. The che¬ 
mists explain this passage from blue to yellow by supposing the 
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water to change to acid salt a part of its aqid, and that thus 
the yellow solution encloses another combination than that 
which is found in the blue solution. As the yellow liquid again 
becomes blue by a new^addition of hydro-chloric acid, and as 
heat alone produces also this change of colour, we can easily 
suppose that at a more elevated temperature the yellow neutral 
solution of cobalt is transformed into the acid blue combination; 
or, what is precisely the same thing, that the acid carried off 
by the water to acid salt separates itself a second time from 
the water by the effect of heat, and forms anew with the neuter 
combination of acid chlorure. Hilt if chemical modifications 
of this species do really take place, the electrical equilibrium 
iu the liquid iu question ought also, in consequence of what 
I have already advanced, to be destroyed in these circum¬ 
stances. If now we put the liquid into a tube in the form of 
U, and a platinum wire in each branch of the tube, and now 
heat tho column of liquid in one of the brandies, until it be¬ 
comes blue, and then bring the free extremities, of the plati¬ 
num wires into communication with a delicate galvanometer, 
there is a current established which travels from the cold 
column of liquid to the heated one, and we find the force of 
this current to be greatest, when the difference of temperature 
between the two branches is most considerable. In my expe¬ 
riments the deviation w T as about 70° when the liquid was near 
the point of boiling, that is to say, when the colour was the 
deepest. I need scarcely add that the needle returned to 
7 <cro, as soon as tlic two divisions of the liquid had arrived at 
the same degree of temperature; that is to say, as soon as tho 
blue colour of the one bad again taken the place of the yellow 

Such was the exactness also of the manner in which the 
galvanometer carried itself in tho solution ofaiitrate acid 
of iron, which is colourless at the ordinary temperature, 
and which takes a yellow colour on being heated. In the same 
circumstances m those already given, I have obtained a cur¬ 
rent which travelled equally from the cold portion of the liquid 
to the heated one, and which made the needle deviate about 
40°. The results have been similar to these too, when, in the 
place of the liquids of which I have spoken, I have made use 
of a solution of acid sulphate of iron, or of liquid combi¬ 
nations of nitrous acid with other acids, such as sulphuric 
acid, phosphoric acid, nitric acid, &e. 

In truth, it seems at first that these observed currents are 
of a thermo-electric nature; that is to say, that they are the 
effect of the difference of temperature of the two liquids, or of 
the two platinum wires. M. BecqUerel says, in his “ Traite 
de I’ Eleptricite,” that when the two extremities of the plati- 
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rmm wire of the? galvanometer are plunged into nitric acid, 
and that iu these circumstances, the electrical equilibrium is 
maintained, this equilibrium will be destroyed, if we come to 
draw one of the extremities out of the liquid, heat it, and 
plunge it in anew, and that then a current will be developed 
which travels from the cold extremity to the hot. The French 
philosopher considers this current as being of a thermo-electric 
nature. But if this opinion have any foundation, we should 
he able to obtain similar currents with all liquids which are 
good conductors. Now my researches on this point have 
convinced me to the contrary. Sulphuric acid, perfectly pure, 
alone, or with water in different proportions, pure hydro¬ 
chloric acid, the dissolutions of potash, sulphate of potash, 
carbonate and phosphate of alkali, sulphate of zinc, corrosive 
sublimate, and many other salts, have been put successively 
into bent tubes; the part of the liquid enclosed in one of tho 
branches only has been heated, and when 1 have established 
the communication w ith the galvanometer, by means of the pla¬ 
tinum wires, I have not obtained even the most feeble current. 
The absence of the current in this hint, experiment, seems to 
bring clearly in view the inaccurac y of the explanation given 
by M. Becquerel, and at the same time the great likelihood, 
or else the certainty, that the destruction of tho electrical 
equilibrium, when it coincides with the change of colour iu a 
liquid, is not immediately owing cither to the difference of 
temperature of the two wires, or to that of the two portions 
of liquid contained in the branches of the tube, and commu¬ 
nicating with each other, but to transient, chemical modifica¬ 
tions, which have been produced heat in one of these 
portions. 

It is ^earccly necessary to remark expressly, that it is pos¬ 
sible also to have liquids whose colour does not change, in 
whatever wav they are submitted to the action of heat, and in 
which notwithstanding, transient chemical changes, take place, 
for the qualitative changes of a body are not always necessarily 
accompanied by a change of colour. Those liquids which are 
found in this position, should also, by consequence, be in 
a state to produce a current when they arc unequally heated. 
Now the result of my experiment proves that tho dissolutions 
of many nitrates of mercury possess in a very high degree the 
property in question, when they are submitted to an unequal 
heat, and it is known that t,he solutions of this species arc 
colourless at very different temperatures. 

Let us now suppose that the preceding remarks are per¬ 
fectly exact; the result would be that a galvanometer would 
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offer to the observer an instrument, which would put him in a 
position where he could demonstrate the existence of chemi¬ 
cal actions, in which nq reaction is announced, and fvhere up 
to the present time no modification was believed to be ope¬ 
rating in the chemical constitution of the substance under 
observation. I have already named, besides the galvanometer, 
the chemical microscope, and I believe that the facts which I 
have just described are sufficient to justify this denomination. 
It will be by consequence vfcry desirable, that those chemists 
who are devoted to scientific research, will make use of this 
precious instrument more frequently than they have hitherto 
done, and that they will make above ail an attentive exami¬ 
nation of all the important chemical combinations, which serve 
as conductors of the current, in order to knew the influence 
which they exercise on the galvanometer when they are 
unequally heated. 

Permit me, in terminating this work, to express some ideas 
destined to make comprehensible the importance which 
isometry will probably sooner or later exert, for that part of 
geology which is united to chemistry. In considering under 
a chemical point of view the parts which constitute the crust 
of the earth, we ought to be surprised to see certain elements 
predominate over others in the. rocks of certain geological 
formations. I do not w ish to recall here the enormous masses 
of calcarcbus carbonate, which arc encountered in those w'hich 
are called sedimentary earths. On the other side it is not 
rare to find in the same formation chemical productions 
extremely different, placed one by the side of the other, and, 
what is very remarkable, in such a manner sometimes that 
the one passes the* othe^ by degrees almost insensible, as is 
seen for example in the calcareous carbonate and the dolomite. 
These transitions take place sometimes under circumstances 
which cause us to think of the transformation of one of these 
substances in tHb other. ‘ And, in effect this idea has been 
suggested at an anterior epoch, but has ordinarily been repul¬ 
sed as a product of the imagination of the alchemist, and has 
been declared completely inadmissible. 

Under a chemical point of view, we ought, it is true, to sup¬ 
pose that smee our earth exists, the same elements of which we 
have knowledge at the present day have always existed, and 
that all the diverse geological formations, inasmuch as they 
relate to chemical actions, have been Owing to the affinity of one 
of these elements for the other. As to the transformation of , 
one substance into another, it is .a fact we are not able to 
admit; and then say, liow, under the relation of quantity, 
the elements are united in such a manner as to be able to 
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form precisely compound combinations after the chemical 
proportions, arid how these substances,, which have power to 
combine among themselves, have so happily met: the chem¬ 
ists’ do not believe themselves bound to give in this poiut of 
view any ^plausible explanation, and they put this fact to the 
number *of those on which actual science does not possess 
sufficient elements. 

Further, the singular fact, that certain substances, accom¬ 
pany each other, or always avoid each other, and that these 
substances, are then found as often to be of bodies which 
offer a passable resemblance In their chemical character, such 
as, amongst which we find together, the chlorine, brome, 
and iodine ; sulphur and selenium; platinum, iredium, palla¬ 
dium, baryte, aud strontian; potash and alkali; this fact 
ought to be considered by the chemist of pur days as a pure 
hazard, two elements being always separated in his eyes by 
an abyss quite impossible to overcome. 

In the opinion of many philosophers, there may have been 
a time in which, all the constituent elements of our planet 
may have existed in a state of insulation. But this hypothesis 
implies here, that the compound bodies with which wo meet 
at the present day, have been formed one day by means of 
synthesis. We can, according to my ideas, make good several 
arguments which are not favourable to this point of view, and 
which permit the supposition that many chemico-gcological 
products have been found by another way than that of com¬ 
position, by means of elements which we can at the present 
day separate. If the substances which we regard as element¬ 
ary, were once found in a state of complete insulation, and 
they may have been at the same time submitted, as at our day, 
to the law of gravity, they would have been obliged, it seems, 
to arrange themselves the one on the other, according to their 
specific gravity. But as it is easily comprehended, would 
alone have sufficed to hinder the combinations of several of 
those elements which are now found united. In truth, when 
the chemist pretends that in the primitive times, these elements, 
disposed one on the other, in beds or layers nearly concentric, 
well mixed together by the effect of an unknown cause, and 
which will come suddenly into activity (an hypothesis which is 
accorded to it, as we accord to astronomy that of an impulsion, 
when there is need to explain the curvilinear movement of the 
planets), this hypothesis will make comprehensible the exis¬ 
tence of many geological products; but at all times, a great 
number of geologico-chemic facts will remain enigmatical to 
us, and even inexplicable. 

But if many substances which we consider as compound, 
Vol. V.—No. 27, September , 1840, 2 G 
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have not been formed by the way of ordinary synthesis, it is 
still a question, at leaat to admit, for the sake df convenience, 
that they have been created such as they are at the present 
day, or that they have always existed in the same state, it is 
yet a question, what origin have they had. As for jpyself, in 
acknowledging all that we cannot yet answer to this question, 
no more than others, concerning the origin of mineralogical 
products, I think that isomerv will aid us as wo advance to 
resolve a great number of thcmico-geological problems. As 
this new branch of chemistry becomes developed sufficiently, 
for the acknowledgment as isomerics, those substances which 
w r e have been forced to regard up to the present day, as 
elements, and we shall the light of day spread itself on many 
subjects which arc yet covered in a profound obscurity. 

Jt is a true principle, and let it for that be often repeated, 
that nature attains by the most simple means, the greatest and 
the most varied ends. How complicated and how grand are 
the effects produced by gravity, the action of which at the 
same time obeys a law so simple! If then we suppose that 
the numerous different substances which constitute our earth, 
are the product of a small number of elementary substances, 
united amongst themselves m a manner the most varied in 
their proportions, and in the inode of their combination, 
we have there an hypothesis which we are authorized to 
make by*analogies, anil which will scarcely leave us accusable 
of wandering in reveries or metaphysics. Let us represent 
the small number of substances which wc admit hypothetically 
as elements, submitted to the influence of very different 
temperatures, of voltaic currents of different energies of 
various forces of pressure, &c., we may conceive how 
in these circumstances so different, thebodies the'most different 
have power to he formed by means of a small number of ele¬ 
ments, (hose bodies in particular, which we use for decompo¬ 
sition, relatively feeble, do not permit us to resolve into their 
elements. We know already some facts, which give us 
authority tb presume, that some substances which are now 
regarded in chemistry as simple bodies and which ought as 
such, to be invariable in their essential properties, would 
evince very considerable modification when they arc exposed 
to certain influences and in particular to those of electrical cur¬ 
rents and to heat. It has long been known that sulphur can 
assume very’ different forms, and that, suddenly cooled after 
having been heated it passes to a 1 state of coherence essentially 
different from that which it previously possessed. Phosphorous 
and selenium present similar phenomena. In my electro¬ 
chemical researches, I have myself recently obtained results, 
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which demonstrate that iron, which is regarded as elementary, 
can, under file relation chemical a»d under the relation 
physical, take such modifications, that, in its new estate one 
ought to regard it in some manner as quite another metal. 
From tljc state of a body very oxidable, it is transformed into 
a substance neuter with regard to oxygen ; a metal eminently 
electro-positive, it becomes a metal electro-negative. Similar 
modifications have already been observed in some other very 
oxidable metals. Though these Modifications Wo it is true 
but transient, and that up to the present time yo means have 
been found to render them permanent, it dops not yet follow 
that, by, example, this result will not absolutely be obtained for 
iron. It results from this, that the above modifications, area 
proof that many bodies which are called elementary, do not 
bear the character of absolute invariability, in that which con¬ 
cerns the properties which are ordinarily regarded as essential. 

In like manner, as the chemist ought to furnish to the neo¬ 
logism his aid in extending that science, so ought the geolo- 
gian, in his turn, to lend his aid to the chemist. Like light, 
are not the geological explorations spread on the history of 
organized beings, and what discoveries may we not hope to 
matte in the field of zoology, bv the researches even which are 
made in our days, on the nature of annuals which peopled 
the primitive world? 

Wo may be well permitted to suppose that the formation of 
the inorganic bodies of our earth has taken place after deter¬ 
mined laws, as much even as that of organised beings which 
have perished; that in other periods of the history of our 
planet, there have been epochs of chemical formations, as there 
have been periods of organic creation : and ia it not impossible 
that both the'one and the other have been in a certain mutual 
dependaiice, and that one of these classes of phenomena lias 
had in the other the cause of its existence ? Now, if, in the 
actual moment, geologians were to make a strong effort to 
direct all their attention on the organic remains of primitive 
times, and, by a sell-compulsory effort, construct, with the 
monuments of the first ages, a basis for the history of our 
globe ; if, further, we should acknowledge that in the course 
of the last twenty years the zeal and the perpicuity of geo¬ 
logians devoted to this part of the zoology and botany which 
belongs to their science, have obtained the most extraordinary 
results in this domain, add have arrived at the solution of 
problems the most difficult, if ought not to be a case for doubt, 
that the chemical side of geology has not at least attracted 
that regard which it merits. But as it is certain that essen¬ 
tial modifications, which our globe has suffered in anterior 
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epochs, have been prodneed by chemical forces, it will result 
therefrom, that the geqlogian must necessarily Study the mat¬ 
ter of the globe underta point of view purely chemical. 

In order to arrive in the field of research at results which 
have some value in science, wc ought to take the sapie ways 
by which the geoguostic zoologists have acquired the' know¬ 
ledge which they possess on the organic life of the primitive 
world. We ought to study with the greatest degree of care 
each particular geoguostic product; we ought to determine 
also, as exactly as it is possible, Jhe mutual relations of these 
products in their nature, both chemical and physical, and in 
their chronological succession; and, at the same time, to 
make the most scrupulous comparison between the product 
which we obtain by the aid of chemical forces yet activ e at 
the present day, and the inorganic bodies of the primitive 
world. In a word, we ought to commence by creating a geo- 
ehemie comparison before we can possibly have a true geology, 
before the mystery of the creation of our world can be dis¬ 
covered, and the masses which compose it. Hut in order to 
arrive at this elevated and truly gigantic end, which is proposed 
to science, it is necessary not only to take advantage of all 
the men who possess not only all the knowledge which plilo- 
sophy and chemistry is able to furnish, but also who are en¬ 
dowed with that rare faculty of grouping and collecting, under 
different," general points of view, those masses of particular 
facts, and to discover a relation and connexion between phe¬ 
nomena altogether strangers in appearance. It is necessary 
that there .arise a man who will be to geological chemistry 
that which Cuvier has been to the anatomy of the animal fos¬ 
sil kingdom, and* what Newton has been to astronomers. 


XXX_ On Electro-type from Engraved Copperplates. 

By Samukl Cautwright, Esq. 

Having been favoured by Samuel Cartwright, Esq., of 
Preston, with an excellent specimen of printing on address 
cards, from an electro-type plate which that gentleman had 
made, 1 immediately wrote to him requesting that he would 
favor me with the plate, in order that 1 might be enabled to 
place specimens of printing, from it, before the readers of 
these Annals. Mr. Cartwright finding that he could not 
comply with this request, in consequence of the plate being 
presented to the Lancaster scientific exhibition, immediately 
proceeded to prepare another, which, as soon as ready, was 
very kindly presented to me by that gentleman, who waited 
on me at this Institution for that purpose and, in the most 
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liberal manner, communicated to me all the particulars of tiro 
process, which is the following. • 

To the back aide of the engrave^ plate intended to be 
copied, is soldered one end of a copper wire j and to the 
other etjd of that wire is’soldered the zinc plate of the opera¬ 
ting vdltaic battery, which consists of a single pair of metals 
placed in a porcelain jar, having the copper side in a solution 
of sulphate of copper, and the zinc side in water, or in salt 
and water. To the farther end of the conducting wire bc- 
longingTto the eopperside of the battery is sobered another 
copper plate, about the size of the engraved >'ne. When the 
battery is prepared, the] two copper plates at the farther ex¬ 
tremities of its wires, are to be placed in a strong solution of 
sulphate of copper, the engraved one with its face upwards, 
and tile other directly over it, but not t«j be in contact with 
each other. With this arrangement, the cuperous solution 
becomes decomposed, and the liberated copper is precipitated 
on the face of the engraved plate: whilst the eopper plate of 
copper in that vessel, suffers dissolution, and feeds the solution 
with fresh portions of copper. 

At the end of about three days the newly formed plate will 
be thick enough to remove from the engraved one, and the 
impression will he a very faithful copy of the original one. 
having the letters and other characters in relief, similar to 
those on a card printed from the engraving. 

Since Mr. Cartwright’s visit to this institution, l)r. Good¬ 
win, of this town, has taken a very good elcc!tvo-type plate 
from the engraved copper-plate from which his address cards 
are printed; and several other gentlemen are now preparing 
electro-type plates by similar means. * 

From my Own experience, I find that the dissolution of the 
copper-])late, which is connected with the copper side of the 
battery, is very rapid, and when thiu, if care be not taken, 
small fragments from it will fall down on the lower plate, 
which, if not removed, might injure the process. To pre¬ 
vent any accident of this kind, 1 put the upper* plate in a 
muslin bag, which prevents the fall of any fragment. If, 
however, the plate be sufficiently thick to outlast the process, 
there will be no need of this precaution. The face of the 
electro-type plate is as smooth as tho original, and every 
scratch, "however minute, will be faithfully transferred. 

' t WILLIAM STURGEON. 

Royal Victoria Gallery, for the 
encouragement of Practical 
Science, Manchester. 

P. S.—On my requesting to print from Mr. Cartwright’s 
electro-type 'plate, I received the following letter. 


£L 
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Dear Sir,—I have no objection to your publishing, as you 
desire, the Electro-typ^ I made for you; but 'must request 
that your readers mayf at the same time, be informed that I 
consider it very inferior to what a more practised person 
would produce.—It is only the second I have made ;fco print 
from, and before attempting this process I never constructed 
or used a galvanic Battery.—My reason for sending it to you 
was, as I have before stated, to shew that the process may be 
performed by Lny person who will take the trouble of reading 
the accounts of it published in you Annals of Electricity, and 
other periodical 

The plate is just as it came from the Battery, no graver, 
burnisher, or even charcoal has touched it, except in drawing 
the line under my name, to distinguish its impressions from 
those of the original jplate. 

Yours truly, 

•r » 

SAMUEL CARTWRIGHT. 

Preston, 21st Aug. 1840. 


The next business is to proceed with the new electro-type 
plate, in the same manner as had previously been done with 
the engraved one; and a facsimile of the latter will be ob¬ 
tained. The process should be continued four or five days to 
give sufficient thickness to the plate to be printed from. 

In order that the clectro-type may leave the original plate 
without injury, Mr. Cartwright covers the face of the latter 
with bees’ wax, ayd whilst warm wipes of the greater part, 
leaving only a thin film. The back part of the original plate 
and its conducting wire are covered with sealing-wax yarnish, 
to prevent unnecessary deposition of copper on those parts. 

In the eleetre-type plate will be seen two specimens, one 
from the electro-type, the other from the original plate. 

W. S. 


* When electro-typo copies of medallions are to he formed in casts of plaster or other porous 
materials, Mr. Spencer gives the following ingenious mode of giving those matrices the necessary 
surface*. , 

The porous matrix it. to be dipped uito a weak solution of nitrate of silver, a portion of which 
becomes absorbed. It is next exposed to the fumes ol*a warn alcoholic solution of phosphorous, 
and the absorbed nitrate of silver becomes decomposed. 

Mr. Parry, an ingenion« gentleman of this town, liaslutely obtained good electro-type iin 
pressions from the green Ica'cs oi trees, by properly placing those leaves so as to receive the 
deposited copper by voltaic copper.—tv. s. 
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On the Application of Electro-Magnetism as a Motive 
PoicsT; in a Letter from Prof. P. Forbes, of Aberdeen, 
to Michael Faraday, I). C. L., &c. &c.* 

King’s folloge, Aberdeen, Oct. 7, 1839. 

My dear Sir,—Having se^n a notice from A®. Jacobi sent 
by you to the London and Edinburgh Philsophi/il Magazine,f 
regarding the success of his experiments on the production of 
a moving power by electro-magnetism, 1 am sure it will give 
you pleasure to know that a countryman of our own, Mr. 
Robert Davidson, of this place, has beetwermneutlv success¬ 
ful in his labors in the same field of discovery. For in the 
first place, he has an arrangement by which with ouly two 
electro-magnets and less than one square foot of zinc surface 
(the negative metal being copper) a lathe is driven with such 
velocity as to be capable of turning small articles. Secondly, 
he has another arrangement, by which, with the same .small 
extent of galvanic power, a small carriage is driven on which 
two persons were carried along a very course wooden floor of 
a room. And he has a third arrangement, not yet completed, 
by which, from the imperfect experiments he has‘made he 
expects to gain very considerably more force from the same 
extent of galvanic power than from cither of the other two. 

The first of these two arrangements were seen in operation 
by Dr. Fleming, Professor of Natural Philosophy in this 
University, and myself, some days ago ; and there remains no 
doubt on our minds that Mr. Davidson’s arrangements will, 
when finished, bo found available as a highly useful, efficient, 
and exceedingly simple moving power. Ho has been busily 
employed for the last f.wo years in his attempts to perfect his 
machines, during all which time I have been acquainted with 
his progress, and can bear testimony to the great ingenuity 
he has shewn in overcoming the numberless difficulties he has 
had to encounter. So far as I know he was the first who 
employed the electro-magnetic power in producing motion by 
simply suspending the magnetism without a change of the 
poles. This he accomplished about two years ago. About 
the same time he also constructed galvanic batteries on Pro¬ 
fessor Daniell’s plan, by substituting a particular sort of 


* Communicated by Dr. Faraday, 
f See L. & E. Philos. Mag. for. Sept., p. 164. 
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canvas instead of gut, which substitution answers perfectly, is 
very durable, and can be made of any former size. And 
lastly, he has ascertained the kind of iron, and the mode of 
working it into the best state for producing the strongest 
magnets with certainty. 

The first two machines, seen in operation by Dr. hemming 
and myself, are exceedingly simple, without indeed the least 
complexity, a]fcd therefore easily manageable, and not liable 
to derangement. They also take up very little room. As 
yet the extent of power of which they are capable has not 
been at all ascertained, as the sfize of battery employed is so 
trifling and the magnets so few: but from what can be jugded 
by what is already done, it seems to be probable that a very 
great power, in no degree inferior to that of steam, but much 
more manageable, much less expensive, and occupying 
greatly less space, if the coals be taken into account, may be 
obtained. 

In short, the inventions of Mr. Davidson seem to be so 
interesting to rail-road proprietors in particular, that it would 
be much for their interest to take up the the subject, and be 
at the expense of making the experiments necessary to bring 
this power into operation on the great scale, which indeed 
would be very trifling to a company, while it is very serious 
for an individual by no means rich, and who has already ex¬ 
pended so much of his time and money for the mere desire 
of perfecting machines which ho expected would be so bene¬ 
ficial to his country and to mankind. For it deserves to be 
mentioned that he has made no secret of his operations, but 
has shewn and explained all that he, has done to every one 
who wished it. «His iflotivea have been quite disinterested, 
and I shall deem it a reproach to our country, and country¬ 
men if he be allowed to languish in obscurity, and net have an 
opportunity afforded him of perfecting his inventions and 
bringing thereinto operation, when the promise to be pro¬ 
ductive of such incalculable advantages. 

* v 
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nr^M presetit agitated. He concludes this, his first Report, by re- 
commending a series of enquiries, ten in number, Which will supply 
the “desiderata immediately required by the-engineer and by the 
chemist, ' - r , r ’ * » 

We have next to notice a report bjr Professor Powell, “ On the 
present state of our knowledge of Retractive Indices for the standard 
rays of the solar spectrum in different media.” The difficulty which 
the. fact of the dispersion of light has offeree! to the universal ap¬ 
plication of the-undulatory theory, has been in a great measure 
removed by the analysis of Cauchy and others, who have considered 
the distances of the pndulatory particles as quantities comparable 
to the length of a wave. Velocities of propagation of the different 
rave of the spectrum, are made to depend upon iu'*- length of wave 
which constitutes a ray of a given colour, and upon certain constants 
proper to the medium. These constants being*obtained from ob¬ 
servations on refractive indices for certain definite rays (or dark lines) 
of the spectrum, the refrangibility of any other definite ray (whose 
wave-length has been ascertained by examining an interference* 
spectrum), becomes known, and may be compared with observation 
as a test of theory ; such experiments have been made by Frauen- 
hofer, Rudbetg, and Professor Powell, who has given a tabular view 
ofihe various results, without, however, instituting the comparsion 
be^cea theory and observation, which it would be desirable to^bx- 
tend further than has yet been done. It would be important also 
to elucidate the disturbing effect of temperature, which prevents 
even existing observations from being rigorously comparable. 

The calculations respecting the tides, which have been prose¬ 
cuted by the aid of the Association ever since its institution, have 
been continued this year by Mr. Bunt, under the direction of Mr. 
Whew ell. 1 hese calculations have now reached such a point, that 
the piathematician, instead* of being, as at the beginning of this 
period, content with the first rude approximations, is now strug¬ 
gling to obtain the last degree of accuracy. 

The country in which we are now assembled has always been 
• conspicuous for attention to meteorology, a'branch of physical 
science in which the British Association, with its power of com¬ 
bining the efforts^f many observers in distant quarters of the globe, 
raaj* hope to be especially Useful. * 

In Scotland, Leslie opened a new train of inquiry, by examining 
the earth’s temperature at different depths; and his successor in the 
Univamtyof Edinburgh is now directing, at the request of the 
. Association, * large and complete course of experiments on that 
Interesting subject. Framed itvponformity with the plans adopted 
similar ^objects by Arsgo and Quetelet, these, researches of 
. ProfesaorForbes contain also the means of determining the power 
of conductina,/l.Ut> which different sorts of rock possess ; and may 
thus throw li/ 'ftonsome of those peculiarities in the distribution of 
tei^^f«li^l'7|preater depths l>elow the surface, which have be- 
cop^?lri9^f^o^«*peri«ice, but Are not explained by theory, 
lit Sir ©avid Brewster was the first to obtain an hourly 
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meteorological journal'for a series of years, and to draw from that 
fertile source new and important deductions, which have had a 
powerful influence on the progress of scientific meteorology. How 
gratifying receive, through the same hands, after a lapse of nearly 
fifteen years, an additional contribution of the same kind, and from 
the same country ; but embracing new conditions, on a new line of 
operations, in order to obtain new results. By the observations 
now in progress at Inverness, and at Kingussie, the influence of 
elevation in modifying the laws which have been found to # govem 
the hourly distribution of hear near the level of the sea, may be 
discovered, and thus a great addition be made to the experimental 
results, for which science has long been grateful to the distin¬ 
guished philosopher we have named, and which have been de¬ 
scribed as “ of the highest value to meteorology, and as the only 
channel through which any specific practical information can be 
obtained in this most interesting department of physics.” 

This is no ordinary praise. It is the just tribute ,of one who is 
^fortify to offer it; one, \v4io at the call of tin.* British Association, 
has conducted at Plymouth a still more extensive series of similar 
observations, and has added to them hourly comparisons of the 
temperature and moisture of the air, and an hourly record of baro¬ 
metric oscillations. Mr. Snow Harris has presented in a few pages 
of our last report the precious results ol 70,000 observations, 
and thus rendered them immediately available in the foundations 
of accurate meteorology. The documents thils patiently collected 
are, however, not yet exhausted in value; they m&y be again and 
again called into the court of science, and made to yield testimony 
to other, and as yet, unsuspected truths. They must not be lost. 
Shall we Jay them by in manuscript among other unconsulted 
records of the past labours of men, or by undertaking their publi¬ 
cation, do justice to our workmen, and establish a new claim orrthe 
imitation of the present, and the gratitude of future -days ? This 
question is of serious import. Already, stimulated by success iq 
thermometric registration, wc have set lo work on a more perplex¬ 
ing problem; we haVe resolved to bind even the wandering winds 
in the magic of numbers. While we speak, the beautiful engines 
of our Whewells and Osiers are tracing at every instant of time the 
displacements of the atmosphere at Cambridge, at Plymouth, at 
Birmingham, in Edinburgh, in Canada, In St. Helena, and at the 
Cape of Good Hope; and, ere long, we may hope to view, asso¬ 
ciated in one diagram, the simultaneous movements’of the air over 
Europe, America, Africa, India, and Australia, recorded with in¬ 
struments which we haite chosen* by men whom we have set to 
work. * c 

Amongst the causes which tend to retard the progress of science, 
few, perhaps, operate more widely than the impediment to a free 
and rapid communication of thought and of experiments, occasioned 
by difference of language. It appeared to the British Association 
that this impediment might, in some degree, be removed, as far as 
regards our own country, by procuring, and causing to be pub- 



ft 

K 


British Association Proceedings. 37y 

lished, translations of foreign scientific memoirs judiciously selected. 
■Accordingly, at each of the meetings at Newcastle and Birming¬ 
ham", a grant of 100/. was placed at the disposal of a committee 
appointed to carry this purpose into effect. Aided by the contri¬ 
butions of several translations which have been gratuitously pre¬ 
sented to them, the committee have been enabled, in the two last 
years, to publish fourteen memoirs on subjects of prominent inte¬ 
rest and importance in the mathematical and physical sciences, 
bearing the names of some of the most eminent of the continental 
philosophers. 

Such, gentlemen, is an imperfect review of our recent proceed¬ 
ings. In two essential respects the British Association differs from 
all the annual scientific meetings of the Coutimcnt, no one of which 
has printed Transactions or employed money in aiding special 
researches. We also differ from them in the communications which, 
in the name tff the representatives of science, assembled from all 
parts of the United Kingdom, we feel ourselves authorized to make 
from time to time to the Government on subjects connected with 
the scientific character of the nation. On our first visit to Scotland, 
for example, we felt it to be an opprobrium that this enlightened 
kingdom shfiukl, in one essential feature of civilization, be still 
behind inipiy of the continental states, and we prepared an address 
to his late Majesty’s Government, urging strongly the necessity of 
the construction, without delay, of a map of Scotland, founded on 
the trigonometrical*survey. Representations to the same effect 
have since beer? made by the Royal Society of Edinburgh, and by 
the Highland Society, and the subject has now engaged that atten¬ 
tion which will, We trust, scon procure for this country the first 
sheets of a lafge and complete map. * 

If, then, it be asked why are the men of highest station happy 
to associate and mingle with us in official duties ? Why have the 
heads of the noble houses of Fitz william, Lansdowne,* Northamp¬ 
ton, Burlington, Northumberland, and Breadalbane, alternated in 
presiding over us, with our Bucklands, our Sedgwicks, our Bris- 
bartW, our Lloyds, and our Harcourts ? Why, indeed, on this very 
occasion has Argyll himself, overlooking the claims due to his high 
position, and his ancient lineage, come forward to act with us, and 
evcSh'to serve in a subordinate office ? May we not reply, that it 
is, we believe, a conseqirence of the just appreciation on the part 
of these patriotic and enlightened noblemen, of the beneficial iuilu- 
ences which this Association exercises in so many ways on the. 
sources of the nation's power "and honour. 

If we have hitherto dwelt aljnost exclusively on the value of our 
transactions, researches, recommendations, and the £ood application 
of our-finances, let it not, however, be supposed, that we are not 
also fully alive to the advantages which flow' from the social inter- 

* The Jlayquis of Lansdowne, who had accepted the office, was prevented < 
froth attending by' eteep domestic,' affliciion, and th** Marquis <> Noijjhainpton. 
cheerfully suppled m* place. . ‘ 



380 British Associutio/i Proceedings. 

course of these meetings, by bringing together, into friendly 
communion, from distant parts, those who are struggling on fatten ' 
remote and unassisted) in advancing experimental science. * If, 
indeed, this principle of union (which we are proud to have bor¬ 
rowed fronf our German brethren,) has been hitherto found to work 
so well amongst our own countrymen, we cannot but doubly recog¬ 
nize its value when we see assembled so many distinguished persons 
from foreign countries. In the presence of these eminent men, 
we forbear to allude to individual distinctions, conscious tfyit any 
brief attempt of our own would fall far short of a true estimate of 
merits, the high order of which is indeed known to evety cultiva¬ 
tor of science in Britain. Well, however, may we rejoice in having 
drawn such spirits to our Isle; valuable, we trust, will be the 
comparisons we shall be enabled to make between the steps which 
the different science^ are making in their countries and in our own. 

That advantages, indeed, ol no mean order arise from such 
social intercourse, is a feeling now so prevalent, that foreign na¬ 
tional Associations for the promotioh of natural knowledge, have 
rapidly increased. Germany. France, and Italy have their annual 
assemblies, and our allies of the Northern States hold their sittings 
beyond the Baltic. In all this thfre is doubtless ninth good, but 
an occasional more extensive intercourse of a similar nature, to be 
repeated at certain intervals, is greatly ty be desired. 

It has therefore appeared to us (and we say it after consultation 
with many of our continental friends, who equally feel the disad¬ 
vantage), that the formation of a general congress of science might 
be promoted at this meeting, which, not interfering with »any 
assemblies yet fixed upon, or even contemplated, may be so 
arranged a* to permit the attendance of the offiee/s and active 
members of each national scientific institution. 

If the British Association should takeVie first step in proposing 
a measure of this kind, and should solicit the illustrious Humboldt 
to act ns President, we are Mire 4hat scientific men of all nations 
would gladly unite in offering this homage to a man whose life mul 
fortune have been sprtit in their cause,.whose voice lyis been r-inn- 
strumental in awakening F.urope to the inquiry into the laws of 
terrestrial magnetism, and whose ardent search after nature’s truths 
has triumphed over thesAndes and the Altai. • • 

If such be your suggestion, then will ir fresh laurel be .added to 
the wreath of this city. She who, through the power l>equeat.hed 
to her by her illustrious offspring, conveys jnith rapid transit her 
inventions and her produce to the renfbtest lands, well can she esti¬ 
mate tiie value of an union of men jvhose labours can but tend to 
cement the bondk of general peace. In such a body the BritisTP' 
representatives would, vo trust, form no unconspicuous band ; and 
with mindit strengthened by the infusion of fresh knowledge, they 
would, on re-assembling for our own national ends, the better 
sustain the permanent and successful career of the British Asso- 
* ciation. 
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' Mr. Taylor, the Treasurer, then read the Report of the Receipts 
and Expenditure for the past year. 

Mr. Phillips announced the order of proceedings ; and. added, 
that a steamer had been placed at the disposal of the Association, 
which would convey the members to Arran at six o'clock on Satur¬ 
day morning ; ami that the railway proprietors had ofFered to 
convey members to and from Ardrossan. 

SATURDAY. 

“ On a new method of Photogenic Drawing,” by Dr. Schiifhaeuti. 

After some observations on the comparatively low value of all 
drawings taken by means of the earneru-obscura, in an artistieal 
point of view, and on the principal points on which Mr. Talbot's 
and M. Daguerre's methods of fixing the drawings of the eameru- 
obscuru'*wert‘ founded, the author piocmled to describe his peculiar 
methods of producing photogenic drawings in Mr. Talbot's* that is, 
in a negative way ; then, secondly, he described two'ncw methods 
of obtaining photographs in a positive way. H is first method tended 
to obtain n'paper of very great' sensibility l>v a comparatively short 
process.. He recommended Penny's improved patent metallic paper, 
and spreading a concentrated solution of the nitrate of silver (J,10gr. 
to 2,} drachms of fused nitrate to (j fluid drachms of distilled water), 
by merely drawing the paper over the surface of the solution con¬ 
tained in a l:?rge dish. In order to convert this nitrate of silver 
into a chloride, the author exposed it to the vapours of boiling muri¬ 
atic acid. A costing of chloride of silver, shining with a peculiar 
silky lustre? was by this method generated on the sdrface of the 
paper, without penetrating into its mass ; and in order to give to 
this coating of chloride thte highest degree of sensibility, it was dried, 
and then drawn over the surface of the solution of the nitrate of 
silver again. After having been dried, the paper was ready for use ; 
and o.o repetition of this treatment was able to improve its sensitive¬ 
ness. The author’s process for fixing definitively the drawing was 
as follows:—He steeped the drawing from five to ten minutes in 
alcohol, and, after removing all superfluous moisture by means of 
Llofting-paper, and drying it slightly before the fire, the paper thus 
prepared is finally drav.ui through diluted muriatic acid, mixed with 
a few drops of an acid nitrate of mercury. The addition of the 
nitrate of mercury requires great caution, and its proper action 
must be tried first on paper slips, upon which have been pro¬ 
duced different tints and shadows by exposure to light ; be¬ 
cause, if added in too great a quantity, th§ lightest shades 
disappear entirely- The paper, after having been drawn 
through the above-mentioned solution, is washed well in 
water, and then dried in a degree approaching to about 1 .>S U Fahr., 
or, in fact, till the white places of the paper assume a very slight 
tinge of yellow. The appearance of this tint indicates that the 
drawing is fixed permanently. The author’s way for reversing the 



382 British Association Proceedings. 

drawing is, iu r the principal points, the same as that suggested by 
Mr. Fox Talbot. In order to obtain a photogenic drawing in a 
dirtfct and positive way, the author uses his above-mentioned paper, 
allows it to darken in a bright sunlight, and macerates it for at 
least half an hour in a liquid, which is prepared by mixing one part 
of the already described acid solution of nitrate of mercury with 
from nine to ten parts of alcohol. A bright lemon-yellow preci¬ 
pitate, of basic hyponitrate of the protoxide of quicksilver falls, 
and the clear liquid is preserved for use. The macerated paper is 
removed from the alcoholic solution, and quickly drawn over the 
surface of diluted hydrochloric acid (1 part strong acid to 7 or 10 
of water), then quickly washed in water, and slightly and care¬ 
fully dried in a heat not exceeding 212° of Fahr. The paper is in 
this state ready for being bleached by the rays of the sun ; and in 
order to fix the obtaii^ed drawing, nothing more is required than to 
steep the paper a few minutes in alcohol, which dissolves the free 
bichloride of mercury. The maceiation must not be continued too 
long, asan that case the paper, begins to darken again. The author’s 
second method of producing positive photogenic drawings was by 
using metallic plates, and covering them w'ith a layer of hydruret 
of carbon, prepared by dissolving pitch in alcohol, and’ collecting 
the residuum on a filter. This, when well washed, is spread as 
equally as possible over a heated even metallic plate of copper. 
The plate is then carbonized in a closed box of cast iron, and, after 
cooling, passed betwixt two polished steel rollers, resembling a 
common copper-plate printing-prcSs. The plate, aftev this process, 
is dipped into the above-mentioned' solution of the nitrate of silver, 
and instantly exposed to the action of the camera/ The silver is, 
by the action r of the rays of the sun, reduced into a perfect metallic 
state, and the lights expressed by the different density of the milk- 
white deadened silver, the shadows by the' 1 black carbonized plate". 
In a few seconds, the picture is finished; and the plate is so sensi¬ 
tive, that the reduction of the silver begins even by the light of a 
candle. For fixing the image, nothing <else is required, except 
dipping the plate in alcohol mixed with a small quaptity of the 
hyposulphite of soda, or of pure ammonia. 

Professor Graham then gave an Abstract of Professor Liebig’s 
New Chemical Views relative to Agriculture and Physiology, 
contained in his Report on the applications of Organic Chemistry 
in Agriculture and Physiology. 

The primary source, it is observed, whence roan and animals 
derive the means of their growth and* support, is the vegetable 
kingdom. Plante, on the other hatul, find new nutritive material 
only in inorganic substances. It is obvious, that the last proposi- * 
tion, if true, will afford a firm basis on which to build the super¬ 
structure of the chemical physiology of plants. A different opinion 
has hitherto prevailed. The fertility of every soil has been generally 
supposed by physiologists to depend on the presence in it of a pe- 
e'tdiar substance, to which they have given the name of httnats. 
This substance, believed to hi- the principal nutritfientof plants, 
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ahd to bo extracted by them from the soil in which they grow, is 
itself tlie product of the decay of other plants. The obvious differ- 
ence in the growth of plants, according to the known abundance or 
scarcity of humus, was considered an incontcstible proof of the cor¬ 
rectness of this opinion. Yet Liebig adduces the mflst conclusive 
proofs that humus , in the form in which it exists in the soil, does 
not yield the smallest nourishment to plants. 1st. The hiftnus or 
lmmic acid of chemists, (obtained by means of precipitating an 
alkaline decoction of mould or peat by means of acids,) although 
soluble, when newly precipitated, is known to become completely 
insoluble when dried in the air, or when exposed in the moist state 
to the freezing temperature. This is also demonstrated by treating 
a portion of good mould with cold water. The fluid remains 
colourless, and is found to have dissolved less than 100,000th part 
of its weight of organic matters, and to oqjitain merely the salts 
which are present in rain water. Decayed wood also yields only 
slight traces of soluble materials. It has, indeed, been admitted 
by physiologists, that humic ilcid, in its unaltered condition, cannot 
serve for the nourishment of plants ; and hence they have assumed 
that the lime of the different alkalies found in the ashes of vege- 
tables’render soluble the hurltic acid, and fit it for the process of 
assimilation. But even supposing the humic acid to be absorbed 
by plants, in the form ofthat salt, which contains the largest pro¬ 
portion of humic acid, namely, the humate of lime, Liebig shows, 
from the known Quantity of the alkaline bases contained in the 
ashes of plants, in relation to the carbon they contain, that not so 
much as 1-3 0th of the carbon of fir wood, nor so much as I-20th 
of the carbon of wheat straw, could be derived from humus in this 


way. 2nd! Humate of lime requires 2,500 parts of Water for solu¬ 
tion. Now, supposing all the rain water which falls upon a field to 
become saturated with Ifumate of lime, and to be absorbed by the 
plants growing upon it, then the quantity of humate of lime, which 
the plants thus nourished coulckobtain, might be calculated. But 
it proves to be quite insufficient to account for the carbon contained 
ih the corner in beet-root grown upon the land. 3rd. A certain 
quantity of carbon is taken every year from a forest or meadow, in 
the form of wood or hay, and, in spite of this, the quantity of car¬ 
bon in the soil augments—it becomes riqjier in humus. 


The carbon of plants must therefore be derived from other 
sources ; and as the soil docs not yield it, it can only be extracted 
from the atmosphere Physiologists, in attempting to explain the 
origin iff carbon in plants, Overlook the circumstance that the ques- 
. tioa is intimately connected with that of the origin of humus. It 
* is universally admitted that numus arises from tffe decay of plants. 
No primitive humus, therefore, can have^existed, for plants must 
have preceded the humus. That plants derive the carbon exclu¬ 
sively Jjpm the decomposition of carbonic acid, chiefly and often 
H^i»r‘ f 1 ^) iiqi[ilii il by the. atmosphere, is the conclusion to which 
^ arrives. They restore oxygen at the same time to the atmos¬ 
phere, agreeably to the observation of Priestley, Dc Saifesure, and 
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others. The decomposition of carbonic ac&J, it is true, is arrested 
by the absence of light, and then plants appear to produce and 
evolve carbonic acid. But then, namely, at night, according*to 
Liebig,‘a true chemical process commences, in consequence of the 
action of the oxygen in the air upon the organic substances com¬ 
posing the leaves, blossoms, and fruit. This process is not at all 
connected with the life of the vegetable, because it goes on in a 
dead plant exactly as in a living one. The formation of acids is 
effected during the night by a true process of oxidation ; the volatile 
oils also change into resins by the absorption of oxygen. Tiff* car¬ 
bonic acid, which has been absorbed by the leaves and by the 
roots, together with water, ceases to be decomposed on the depar¬ 
ture of day-light: it is dissolved in the juices, which pervade all 
parts of the plant, and escapes through the leaves by evaporation. 
Plants which live in a soil containing humus, exhale much more 
carbonic acid during the night than those which grow in dry situa¬ 
tions—the decomposition of the humus in the soil affordipg addi¬ 
tional carbonic ucul to the roots of the former. The opinion is not 
new that the carbonic acid of the air serves for the nutriment of 
plants, and that the carbon is assimilated by diem, having been 
advocated by the ablest natural philosophers, but has not' been 
properly appreciated by naturalists—partly, Liebig believes, from 
their imperfect acquaintance with chemistry, and partly from cer¬ 
tain objectionable experiments which wefe instituted by them in 
order to decide the point. That the dcvelopcmei'it of the plants 
growing from seeds sown in pure Carrara marble ai?d in sulphur 
did not advance far, although sprinkled with carbonic acid wat$r, 
is not to be wondered at, seeing that many conditions, are necessary 
for the life of plants; those of each genus requiring special con¬ 
ditions, and should but one of these be wanting, although all the 
rest be supplied, the plants will not be brought to maturity. The 
sources of the nitrogen and earthy bodies, which all plants contain, 
were withheld in these experiments. The mere observation of a. 
wood or a meadow, Liebig considers infinitely better adapted to 
decide the question, than all the trivial experiments under a glasG . 
globe. Having shown that the carbon of plants is derived from the 
atmosphere, Liebig next inquires what power is really exerted on 
vegetation by the humus of the soil. a o 

Woody fibre, in a state of decay, is the spbstance called humus. 
This body possesses the property to conveit oxygen into carbonic 
acid. A substance then remains, mould, which i3 the product of . 
the complete decay of woody fibre. It constitutes the principal 
part of all the strata of brown coal and peat. Humus is a continued 
source of carbonic acid, whi<?h it emits very slowly. Such is the * 
chief function which Liebig ascribes to it in vegetation. There is 
no reason to believe that humus, if absorbed , by plants, would not . 
be assimilated, more than sugar, starch, and gum, which humus 
considerably resembles, and which, when absorbed by the roots of - 
plants, are not assimilated, but again discharged by the roots, or 
excreted by. the leaves. Cultivation is useful, as tilling and loosen- 
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ing the soil- allows access'of air to the humus, and thus gives‘rise 
• to the formation of carbonic acid. When a plant is quite matured, 
and* when the leaves, the organs by which it obtains food from the 
atmosphere, are formed, the carbonic acid of the soil is no further 
required. 

The Assimilation of Hydrogen .—The solid part of plants (woody 
fibre) contains carbon and the constituents of water (C-J-11,0), or 
the elements of carbonic acid, together with a certain quantity of 
hydrogen. The wood may be formed from a combination of the 
carbon of the carbonic acid with the elements of water, under the 
influence of solar light, the oxygen of the carbonic acid being at the 
same time evolved. Or,—and this view Liebig thinks more pro¬ 
bable,—plants, under the same circumstances, may decompose 
water, the hydrogen of which is assimilated along with carbonic 
acid. The oxygen disengaged from plants will therefore come from 
water. But tlie volume of this gas set free would be the same, 
whether derived from the decomposition of carbonic acid or of 
water. A part, or the whole of the oxygen besides contained ip 
the carbonic acid, must also be set free, in the formation of such a 
substance as an essential oil, which contains only *i small portion of 
oxygen,’or n*o oxygen, as a constituent. 

On the Origin anil Assimilation of Nitrogen. —Prof. Liebig esta¬ 
blished the fact that tire third ot the organic elements is uniformly 
derived by plants from ammonia. Like water, that body admits of 
numerous transformations in contact with other bodies, lie has 
demonstrated the existence of ammonia in the atmosphere, by 
original experiments, having obtained it in a minute but sensible 
quantity from rain water collected at a distance from all habita¬ 
tions. The diffusion of this substance in the mineral kingdom is 
also evinced by the existence of calcareous nitre soils and rocks, 
three being good reason td consider nitric acid as a product of the 
transformation of the former. A salt of ammonia also sublimes 
with the boracic acid, condensed in the hot boracie lagoons of Tus¬ 
cany. , Ammonia is also olAervable in the state of a salt, in the juices 
of plants. The juices of the maple-tree and df beet-root arc found, 
in the process of preparing sugar from them, to contain ammonia 
in considerable quantities. Putrified urine contains nitrogen in the 
lorftiS of carbonate, phosphate, and lactate of ammonia, and in no 
other form. It is employed in Flanders as a manure with the best 
results. Animal manure, Liebig believes to act only by the forma¬ 
tion of ammonia. The*latter substance must also form the red and 
blue colouring matter of flowers. 'The evident influence of gypsum" 
upon the growth of grasses, th$ striking fertility and luxuriance of 
a meadow upon which it is strewed, depends onl^ upon its fixing 
in the soil the ammonia of the atmosphere^ which would other¬ 
wise be volatilized with the water which evaporates. The ammonia, 
which isTh the state of carbonate, is then decomposed, as in the 
manufacture of sal ammoniac, and the sulphate of ammonia pro¬ 
duced. Tfie advantage of manuring fields with burned clay anu 
the fertility of ferruginous soils, which have been considered as 
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facts so incomprehensible, are explained in an equally simple man¬ 
ner. The true cause is this:—The oxides of iron and alumina 
are distinguished from all other metallic oxides by their power of 
forming solid compounds with ammonia. The ammonia is sepa¬ 
rated from them by every shower of rain, and conveyed in solu¬ 
tion ,to the soil. Powdered charcoal surpasses all other substances 
in the power to absoib ammonia and other gases, and has been ob¬ 
served to promote vegetation in an extraordinary degree. Decaying 
wood possesses the same property, llumus, therefore, is "iot only 
a slow and constant source of carbonic acid, but is also a means by 
which the necessary nitrogen is conveyed to plants. Nitrogen, 
Liebig observes, is found in lichens, which grow on basaltic rocks. 
Our fields produce more of it than we have given them as manure, 
and it exists in all kinds of soils and minerals which were never in 
contact with organic substances. The nitrogen in these cases could 
only have been attracted from the atmosphere. Carbonic acid, 
water, and ammonia, contain the elements necessary for file support 
cf animals and vegetables.' The same substances (he adds) are the 
ultimate products of the chemical processes of decay and putrefac¬ 
tion. All the innumerable products of vitality resume, after death, 
the original form from which they sprung. And thus death—the 
complete dissolution of an existing generation—becomes'the source 
of life for a new one. 

But another class of substances is also necessary for the life of 
vegetables. 

The Inorganic Constitution of Plants —These * substances are 
found in the ashes left aflcr the incineration of plants, although in 
a changed ^condition. Many of these inorganic constituents vary 
according to the soil in which the plants grow, but a certain num¬ 
ber of them are indispensable to their devclopement- Phosphate 
of magnesia in combination with ammonia is an invariable consti¬ 
tuent of the seeds of all kinds of grasses. Plants also contain 
various organic acids, all of whfrh are in combination with bases, 
such as potash, soda, lime, or magnesia*. Of the different fflkulmc 
bases found in plants,* Liebig finds reason to conclude, that any one 
may be substituted for another, the action of all being the same. 
But the number of equivalents of these various bases remains {he 
same. The analysis oPBerthier and Saussure show that tHe nature 
of a soil exercises a decided influence on l the quantity of different 
metallic oxides contained in the plants which grow upon it: that 
magnesia, for example, was contained in the ashes of a pine-tree, 
grown at Mont Breven, while it was absent from the ashes of a tree 
of the same species from Mont La Palle, and that even the propqr- 
tion of lime and potash was very different. But although the com¬ 
position of the ashes of these pine-trees was so very different, they 
contained an equal number of equivalents of metallic oxides; or,what 
fs the same thing, the quantity of oxygen contained In &|1 the leases 
was in both cases the same—‘being expressed by the riubiberf).Pl in 
one case, and by 8 95 in another, a coincidencewhich had escaped the 
notice o? the analyst himself. It is certain that particular'acids enter 
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into different vegetables, and are necessary to tlieir life; some ulkudino 
. base is also indispensible, in order to enter into combination with the 
acids, which are always found in the state of salts. The perfect 
developement of a plant is therefore dependent on the presence of 
alkalies or alkaline earths, and its growth is arrested whew these sub¬ 
stances are totally wanting, and impeded when they arc only deficient. 
Hence it is that of two kinds of tree, the wood ot which contain# un¬ 
equal quantities of alkaline bases, one may grow luxuriantly in several 
soils, upon which the other can scarcely vegetate. Thus 10,000 parts 
of oak-wood yield 2*50 parts of ashes, and the same quantity of fir- 
wood only 83 parts. Hence, firs and pines find a sufficient quantity 
of alkalies in granitic and barren sandy soils, in which oaks will not 
grow. Liebig supplies various additional illustrations of the influence 
of the alkaline metallic oxides on vegetation, amply sufficient to place 
beyond controversy these conclusions, so important to agrculture and 
to the cultivation of forests. One of these Professor Graham ([tinted : 
a harvest of grain is obtained every thirty or forty yeurs from the soil 
of the Olheburg heath, by striving it with the ashes of the heath 
plants whicli grow on it. These plants, during the long period men¬ 
tioned, collect the potash and soda from th ? decomposing minerals of 
the soil,.which are conveyed to th^m by rain water; and it is by means 
of these alkalies that oats, barley, and rye, to which they are indis¬ 
pensable, ere enabled to grow on this sandy heath. The. supposition 
of alkalies, metallic oxides,*^ inorganic matter in general being*pro- 
duced by plants, entirely refuted byusuch well authenticated facts. 
It is thought very remarkable, that lIio.se plants of the grass tribe, the 
seeds of" which* furnish food for man, follow him like the domestic 
animals/ But none of our corn plants can beur pet feet seeds, that is, 
seeds yielding flour, without a large supply of phosphate of magnesia 
and ammonia, substances which they require for theft maturity. 
Hence these plants grow only in a soil where these three constituents 
arc*found combined, and Tio soil is richer in them than those where 
melt and animals dwell together. Professor Liebig then applies these 
great fundamental principles, iu this report, to the art of culture, 
under jhe following heads:‘use of humus—nutrition and growth of 
plants—uecesgity of azotized substances—influence of the food on the 
produce—composition of soils—the fertility of soils—fallow. Then, 
under the head .of interchange (rotation) of crops and manure, he 
dilcasses the varieties and applications of particular manures, compo¬ 
sition of animal manures the essential elements of manure, bono 
manure, manure supplies nitrogen, mode of applying urine, value of 
human excrements. Iq the second part of his report Professor Liebig 
discusses the chemical processes of fermentation, decay, and putrefac¬ 
tion, under the heads of chemical transformations—erernaeausis or 
decay —vinous fermentation—wfne and be*er—decav*of woody fibre— 
on the mouldering of bodies—aud on poisons, contagious matter, and 
miasms. The novel theoretical views with wfiich this department of 
the work abounds are remarkable, equally with those of the preceding 
part, far their profundity and for their valuable applications. The 
subjects discussed, however, are numerous, and of such a nature that • 
gteat injustice would necessarily be done to them in a short and hasty 
abstract. • 
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Dv. Gregory slated, that having studied Professor Liebig’s work,* it 
appeared to him in the highest degree important, as being the first at¬ 
tempt Jo apply the newly-created science of Organic Chemistry to 
Agriculture; that, in his opinion, from this day might be dated a new 
era in that avt, from the principles established, with snch profound sa¬ 
gacity, by Professor Liebig. He was also of opinion, that the British 
Association had just reason to he proud of such a work, as originating 
in their recommendation. 
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On‘Bed Sugar ; by J. C. Booth. . 

There are few. subjects which have created more sensation in the 
greater*part n{ Europe, and the Unitedf States, simultaneously,than the 
manufacture of sugar from beet root. .That it should have induced 
many individuals in this country to experiment, with a view to its 
manufacture, the characteristic enterprise and ingenuity ojf our people 
might guarantee, but may we not assign the chief reason of their 
failure, or only partial success, the fact,'that, too many of us still boast 
of out practical knowledge, w$th a sidelong sneer aUhe assistance of 
science. It is rather more surprising, to observe -the intense and all 
pervading interest manifested on various parts of the continent of Eu¬ 
rope, especially in Germany, on the sugar-beet and its important 
product, as it clearly shows that this learned pcople'have received an 
impulse will? the rest of the world, relative to more modern manufac¬ 
tures, or rather that the zeal with which scientific men have devoted 
themselves to the advancement of the arts, fc now developing its eflWs 
on the mass of the community. The frequent questions asked relative 
to the making of beet-sugar, may be better answered by a concise de¬ 
scription of the superior method'of extracting sugar from the drie<i beet, 
the main part of the account, being taken from Dingler’s ( Polytechnic 
Journal, for 183b, 13d. LXIX. The drawings in all their details will 
be omitted, and merely the general features of the process described. 

]• Cleansing .—They must be washed, to free them from the«dfil 
which adheres to them, and this may be executed in a simple tub, or 
on a larger scale, a vat, into which water flows. A convenient arrange¬ 
ment for this purpose, might be a net-work cylinder, slightly declining 
from a horizontal position, revolving udder water, or through which 
water should abundantly flow. The beets coming out from the de¬ 
pressed end ol'thOfcCylinder, will be perfectly clean. * 

2. Cutting .—" They are next cut by a machine into long strips, ex¬ 
hibiting a square by a Cross section, i. e. into long parallelopipeds, 
.which is accomplished by a series of small knives attached to a sheet of 
iron, parallel to, aucl at short distances from each other, which first 
?nakc incisions as deep as the required thickness of the pieces, and are 
bellowed by a long knife, behind and at right angles Utfhe smaller ones. 
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by which the strips are separated." The knife with the smaller 
ones, cut by a vertical motion, but there might be a greater econo¬ 
my of time, by bringing a series of these cutters on a wheel, and 
attaching the smaller knifes to the large one, suffering them to pro¬ 
ject a little below it, so that their incisions may be Immediately 
followed by the edge of the long knife. 

3. Drying. —“ Various and simple arrangements have beSn de¬ 
vised, for drying the pieces thus cut, in all of which the principle 
consists in exposing them in thin layers to a current of air, heated t to 
a temperature of between 100°. anti 145°. Fah.; for if below 1(H) U . 
they are apt to ferment, and if above 145°. they are liable, to de¬ 
composition. For this purpose they are placed on wire nets, in the 
form of drawers, to the depth of one or two inches, the drawers 
sliding in one over another, at the distance of three inches, to allow 
a free circulation of air. The drying chamber, or house, is heated, 
either by a hot air furnace, or by steam tubes. A better arrange¬ 
ment, I.jwever, and one requiring but little hand-labour, is a series 
of endless wire-nets, one ovef the other, and each passing wound 
a roller at each end. The pieces are carried from the cutting ma¬ 
chine, on an endless cloth, up the highest of the nets, on which they 
fall, arid are carried to the farthest end, by its constant motion, 
where tfyey fall on the next lower endless net, which at this end 
projects beyond the uppermost, moving in the opposite dircctjpn on 
to tl^e farther end of the second, which does not reach as far as 
the third, they aVe*received on the latter, and again transported to 
its farther end, and thus, by moving alternately in opposite direc¬ 
tions, on the adjoining nets, they reach the lowest, from which they 
are thrown off ilia dried, or sufficiently dried, state for use. These 
parallel nets are all in a chamber, heated by steam' tubes from 
below; lower openings in the apartment admitting cold and dry 
ai>% the upper ones above' the nets, permitting the egress of the hot 
air, surcharged with vapour. After drying they are ground to 
powder." 

4. Sugar Extraction. — ,f The saccharine matter may be extracted 
by pure watjr, but it is found to be more advantageous to add acid 
or lime to it. The former is preferable, and sulphuric acid the 
most convenient To nine parts of water add two-thirds or three- 
ft uvths of a pr. et. of sulphuric acid, (according to the amount of 
sugar in the beets,) and.stir in four, or even more, paits of the pow¬ 
dered beet. The stirring should be continued until the acidulated 
water is absorbed, wfyjn the mass is subjected to pressure in bags ; 
the remaining mass is agafn treated with the same quantity of 
equally acid water, and pressed, but the liquid thus obtained, is 
used for the next fresh quantity of powder. Tift? moistening arid 
pressing are continued until all the sugar is extracted. 

The portion first pressed out, is treated with a quantity of slaked 
lime, a little more than is sufficient to neutralize the acid, and the* 
precipitation of sulphate of lime takes place fully at the tempera-^ 
tore of 165°. to 190 ®. Far. The clear liquid is drawn off aiul* 
cs/stalyzed by the ordinary sugar-refining process." , 
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5. * Theory .-*-13eside sugar, there are many other vegetable prin¬ 
ciples contained in the beet, of which gluten and albumen are the 
most injurious and difficult of management, but by drying they are 
rendered insoluble, and cease to be troublesome. It is also in con¬ 
sequence of the same operation, that less animal charcoat is required 
for purifying the sirop, than where the beets were not dried- 
Sulphftric acid renders more insoluble the gummy matter, and pro¬ 
bably decomposes a combination of a portion of the sugar, but as 
there are other acids also present, a little more lime is added to 
neutralize them, than is sufficient for saturating the sulphurj^ acid. 
The beet may contain from six to twelve pr. ct. of sugar, but much 
of it is lost in the process of manufacture. Tt i* similar to that ob¬ 
tained from the sugar-cane, and is hence called cane-sugar, to 
distinguish it from other varieties, as raisin or starch-sugar, sugar 
of milk, &e. # 


^ « On Raisin Sugar; J. C. Booth. 

When raisins have been exposed to the air for a length of time, 
small crystaline grains will be fouwVupon and within them, which 
have a sweet taste, and are a species of sugar, 'filename kind 
may be made by the action of diastase, qr i?ulphuric acid,;’oh starch, 
and ifideed starch-sugar, or rather starfh-sirop is much used in 
parts of France and Germany. The process of manufacture is as 
follows:— « 

1. Conversion of the Starch .—One thousand parts of water are 
brought to the boiling point, in an open vessel o£ copper or lead, 
and fifteen parts of sulphuric acid added, previously diluted with 
thirty parts of water. When the fluids are well mingled, a cover is 
put on the vessel with a small opening in tfie centre through whijjh 
the starch is introduced. Four hundred and fifty to five hundred 
parts of dry starch, (or as much wet as contains that quantity,)are put 
into the opening in the cover of tl?e vessel, in very small portions 
at a time, so that the fluid may continue boiling, and not behonse 
thick. A few minutes after the last portion is added, the fire is 
extinguished, and chalk is thrown in to neutralize the acid. The 
clear liquor is drawn off, when the sulphate of lime has deposited 
and.filtered through ordinary sugar filters. ^ It is then evaporated 
to one half its volume, twenty-five parts of animal charcoal stirred 
in with a little blood, boiled and filtered through Taylor's filtering 
apparatus. This is stareh-sirop, fr®m which sugar may be 
obtained, by evaporating to 40—45°. Ban me and cooling. It forms 
a white, coarsely granular mass, front which the molasses may be- 
separated in the ordinary manner. One hundred parts of dry 
s*arch, give one hundred and fifty parts of syrup, or about one 
hundred of dry sugar. 

2. The Theory of the Process .—The conversion of starch into 
sugar, bittfiis process, is one of the most singular operations of 
chemistr^md has given rise to a new doctrine jn the science* 
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We perceive that by the operation on a large scale, {hoy obtain an 
anjont of sugar equal to that of the starch, but Do Saussure ob¬ 
tained in a careful experiment,,from one hundred of starch, one 
hundred and eleven of dry sugar. The sulplniri^ acid L> un¬ 
changed, for there is the same amount remaining alter the operation 
that was originally introduced ; nothing is absorbed from the 
air, nor is there any evolution of gas, for the operation inay he 
conducted equally well in closed, or in open vessels. The starch 
alonedias changed, and this change is effected by its taking up n 
certain quantity of water, or rather the elements of water, hydro¬ 
gen and oxygen. According to Saussure, one atom of starch takes 
up about two atoms of water. It appears then that the presence 
of sulphuric acid is sufficient to produce such ail alteration among the 
elements of starch, that a new and different product results. ' For 
this reason find from many analogous facts, the French chemists 
give to this singular method of decomposition the name of presence ; 
BerzeTTu^i'aUs it catalysis, which signifies a decomposition by the 
interchange of the elements of a bofly among each othci\ * 'fhe 
catalyctic influence of sulphuric acid then, is to convert starch into 
sugar* wh^rc water is present^ All other acids will produce the 
same result, and the same kind of sugar may be obtained in a 
similar manner from other organic substances, such as linen, cot¬ 
ton, wood. See. But the rlfange is not immediate, for it is olserved 
to convert the starch first into gum, and the gum into sugar. It is, 
however, not the mineral acids alone, that produce this effect, lor 
an organic substance has been discovered in malt, which possesses 
th<? same power t in a higher degree. This is diastase, which con¬ 
verts starclj into gum (or dextrine) at a temperature of 150°. to 
160 U , while the mineral acids require 180°. to 205°. One part of 
diastase will change two thousand parts of starch into dextrine, 
aiVl at least one thousand parts into sugar. Through tne presence 
of diastase, therefore, or more properly by its catalytic influence, 
starch of wheat, potato, &c., it# first changed into dextrine, and 
t|jen»into sugar; a highly interesting fac% as giving us a clearer 
view of the»formation of gum and sugar in*plants, and of the pro¬ 
cesses for manufacturing alcholiolic liquids, which require the 
presence or formation of sugar, prior to their vinous fermentation. 
* In concluding the above articles on*the manufacture of two 
varieties of sugar, the*following table of the amount of sugar con¬ 
sumed in Europe, m 18 SG, may not be uninteresting. It is extracted 
from Dingler’s Poly It Jour, lx vii. p, 319* 
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England . 

Ireland «. 

France ... 

Prussia . 

Bavaria ..... 

Switzerland. 

Belgium. 

Holland. 

Denmark . 

Sweden and Norway. 

Spain. 

Portugal .j 

Smaller German States.j 

Italy .. 1 

Austria in the commercial 

union . j 

Austria without commercial: 

union .j 

Russia .j 


321J 
32 
178 | 
56 
10 
12 
60 

35 
10 
12 
87 
1<H 
40 

36 
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Copal Varnish. 

The following method of preparing a copal-varnish, ij not novel, 
but its simplicity and the superior quality of the product, may ren¬ 
der it acceptable to many of the readers of the journal. 

Enclose coarsely-powdered copal in a linen rag, and hang it 
the neck of a flask, or bottle, to such a depth that it cannot touch 
the spirits of wine, which is in the bottom of the vessel. Tie a 
piece of bladder over the mouth of the flask, and make a few-per¬ 
forations with a pin, for the escape of a little alcoholic vapour. ?f 
the vessel be placed in a warm situation, thick and viscid drops of 
the copal, combined with alcohol, will slowly fall intd the liquid be¬ 
low, and gradually dissolve, until the whole of the copal is extracted? 
When dissolved, the clear liquor may be decanted from a very 
small quantity of sediment, and it will prove a more transparent 
and beautiful varnish than can be procured b*/ any other method. 
The same process is applicable to other difficultly soluble resins, 
and will be found useful where rapidity is not required. 

! ibid. 


Soda Manufacture in Hungary. 

Native carbonate of soda is found in greatest abundance in Little 
Gumania, particularly near Shegedin; it likewise occurs in many 
other places, in greater or smaller quantity. It efPoresces out .X 
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. the moist earth, forming a white crust, and in the spring of the 
year, before sunrise, appears like an extensive covering of t snow. 
With greater care than they now employ, the workmen might 
readily gather it sufficiently pure for ordinary technical purposes 
by raking. The whole of the surface is gathered, and .-old to the 
soda manufacturers, who distinguish its quality and richness, by the 
taste. It is leached in square vats, until the remainder ceases to 
haye a saline taste. The fluid is dark brown, and beside carbonate 
of sod3, contains much sulphate and muriate of soda, humic acid, 
and other mechanical impurities. It is boiled down in a large 
sheet-iron pan, to a siropy consistence, transferred to an adjoining 
pan, and evaporated to dryness under constant stirring. '1 he mass 
is of a dirty yellow, or brown, with white and black spots. It is 
gradually heated in a calcining furnace with the access of air, until 
va|>ors cease‘passing offi then fused at a higher temperature, and 
taken o«t. t ,when partially cooled. A large portion is employed in 
the couuti y itself, in the manufacture of soap, the remainder sold 
as raw calcined soda, as there is no manufacture for crystali/ing it. 
If the demand for it were increased, the production of this salt 
might, be increased to three or four times the present amount, as 
the country contains numerous sodn lakes. Beside Trieste, from 
which some of the productions of Hungary find their way to the 
American market, there is'a port on the Adriatic, belonging exclu¬ 
sively to that kingdom, whence we might obtain at lower rates, 

the products of one of the most fertile countries of Europe. 

L . Ibid. 


On Gulls in the Manufacture of Black Ink. 

diue Aleppo galls are employed in great quantity, in the manu¬ 
facture of black ink, in consequence of the large amount of tannin 
they contain, nearly all of which, by a judicious management, is con¬ 
verted into gallic acid. Being greatly superior to oak hark in their 
content of tannin, they might he substituted for it in the process 
of tanning leather, were not their high price a serious impediment. 
They are excrescences on the leaf-stem of the quercus infectoria, 
growing in the Levant, and are product by the incision of the 
female gall-wasp. There is, however, another kind of galls, the 
acorn of the quercus cerris, which receive a malformation from the 
incision of an insect, * and produces!* a substance not unlike the 
Aleppo galls, but much more irregular, and with bold projecting 
ppints. They are found abundantly in Hungary, pnd the southern 
provinces of Austria, where they are employed indyeing and tan¬ 
ning, particularly in the latter art. They> are known under the 
name of Knoppem in Germany, and Galles a l’epinc in France, and 
in "the former country, are considered but little inferior to good 
Aleppo galls. A manufactory has been established at Vienna, for, 
obtaining a solid extract from them, which has been successfully 
employed in, dybing dark colours, and in tanning. Either the 
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knoppern, or their extract, might be obtained at Trieste, and might. 
prove ft useful substitute for ordinary galls, 'whether in dyeing, or 
in the manufacture of ink. 

• Ibid. 


• Assay of Gold. 

In the last number of the Journal, a new method of assaying 
gold, proposed by Lewis Thompson, Esq., is extracted frgm she 
London and Edinburgh Philosophical Magazine. It consists in 
adding to the gold assay-piece, an excess of silver, and then fusing 
the mass down with the chlorides of silver and of sodium, to re¬ 
move the base metals. The silver is afterwards separated by nitric 
acid. “ By this plan," says the author, “ the tedious process of 
cupellation is avoided.” • 

It may not be unimportant to some of the readers of the Journal, 
to be informed, that Mr. Thompson’s plan differs frpm Vtfe* usual 
one by cupellation, only in'two particulars, in both of 1 which the 
old process has manifestly the advantage. In this process, lead alone 
is used to remove the base metals, instead of the two chlorides, and 
it is simpler, perfectly effectual, and not subject to decrepitation. 
The second point of difference is that a £upcl, composed of bone 
ashes is used instead of a crucible ; and this cupel possesses the in¬ 
valuable property of absorbing the oxides of lead, and of the baser 
metals, and leaving a clean button, composed only of gold and 
silver. In the new process this advantage is not presented, and 
there will be grains to be separated from the crucible, as afler-the 
operation of fluxing; thus adding not only to tile labour of the 
process, but 1 to the uncertainty of the result. We are therefore, 
led to the conclusion, that the process proposed by Mr. Thompson, 
is more complicated, more inaccurate, and even more “ tediou.;," 
than that now in universal use. 

O 

Postscript. ’ f 

Sometime after the above article was communicated?an opportu¬ 
nity was taken of making trial of Mr. Thompson’s method of assay, 
and the results render it proper to modify, in some degree^tge 
above remarks. The gbld, the fine silver, and the chloride of 
silver, were melted together in a small crucible, and the button of 
gold and silver formedwas found to be much more perfect and better 
insulated than had been expected. Five assay% were made, and the 
results, by the old and new piocess, expressed in thousandths, were 
as follows i u •. 


No 1, 

by cupellation. 

968 

by Thompson’s process 

968.5 

2, 

u «. 

890 


889 



936.5 

€t 

936*7 

4, 

« 

900 

i r 

900.2 

6, 


460 

<c 

460 S 


This comparison of the two methods is certainly very satisfactory, 
•ihe greatest difference being but one thousandth. 
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In employing Mr. Thompson’s process, an evil was observed 
•which had not been anticipated. It is, that a sensible portion of 
the -chloride of silver is volatilized during the fusion, and conse¬ 
quently lost. To show this, the following statements of the first 
and last assays—being of the finest and basest specimens, are pre¬ 
sented. The weight 1000 is equal to between 7 and 8 grains. 

No. 1. Gold, with silver 1000: no copper 

Fine silver 2000 

Chloride of silver 2700=2087 fine silver 


5087 

Button of gold and silver after melting, 3088 


I,oss of gilver by the process. 

No. 5. Gold with silver 
> Fine’silver 




chloride of silver 


Button ^after melting, 


--1JH9 

I.Q4-f* copper 506’ 
1400 

3000=221)0-fine silver 


4154 

2580 

1754 


I.oss of silver, , 

On the whole, though the new process is certainly not so gogd as' 
that by the cupej, and is not likely ever to replace it where nu¬ 
merous assays are to be made, as at a mint, yet it is certainly better 
than was supposed when the above remarks were made, and it has 
the advantage, which is valuable under many circumstances, of not 
requiring a muffle* *furnace, or a cupel of bone ashes. 

• • llml. 




A Description of a New Form of Magneto-Electric Machine, and an 

* A>e count of’q Carbon Batter if of considerable energy ; by Olivjkji 
W. Gibbs, member of the Junior Class of Columbia College, N. Y. 

^ well known, that if a soft iron bar be wound with insulated wire 
and caused suddenly to approach and recede from the poles of a mag¬ 
net, temporary magnetism will be induced in the bar, and an electric 
current, in the wire surrounding it. This fact led to the construction 
of the magneto-electric ihachine, the principle of which consists in al¬ 
ternately inducing and destroying magnetism in a bar similarly wound 
» with large wire for sparks and deflagrations! and with tf small for shocks 
9 and chemical decompositions About eight months since it occurred 
to me that a more simple machine than those*commonly used (and 
which all I believe resemble that of Saxton) might be constructed 
My plan was, to take a bar of soft iron of say an inch in diameter by 
ten inches long, and to slide upon the middle a disk of brass of two 
incljes radius. This would divide the bar into two parts, upon one of 
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whieh is to be-wound three or four hundred feet of copper bell wire wt*11 
insulated, and upon the other and separated from the lirst by the brass 
disk, about four times that length of fine wire, say No. 25. If now'one 
extremity of the coarse wire be attached to one pole of ihe battery, and 
the communtCatiou between the other extremity and the other battery 
pole be alternately made and interrupted by means of a rasp or toothed 
wheel; magnetism will be induced and destroyed in the iron bar and 
consequently an electric current will circulate through the fine wire. 
.The use of the brass diskis to prevent by means of a closed circuit, igty 
immediate induction in the line from the coarse u ire, which wefrild in¬ 
evitably take place were none interposed, and which would com ert the 
instrument from a magneto-electric to an electro-magnetic machine 
Since the above was devised, an obvious improvement has suggested 
itself. This is founded upon the fact that magnetism is strongest at the 
extremities of bodies; and consists simply in dividing*the bar into 
three equal spaces by means of two disks of brass similar in size to tbe 
one already described. The central division is then to he wougd with the 
coarse pnd the two outer or polar divisions with the fine'wW, connect¬ 
ing the two outer helices in such a manner that they may form one long 
wire. The battery current is then to be passed through the coarse wire, 
and the connection made and interrupted as before by a ’asp or other 
interrupting apparatus. As thus constructed, the instrument would 
produce clleets similar to the common magneto-electric machine when 
used for shucks or decomposition. I fit he desired to produce sparks 
and deflagrations, it would only he necessary to .slide off the coils of 
fine wire from the poles, and to substitute in their stead,others made of 
coarse wire of shorter length and then transmit and interrupt the cur¬ 
rent through the central coil as before. We should .then have within a 
much smaller compass, an instrument capable of producing all the ef¬ 
fects of the common machine of Mr. Saxton, and by combining a num¬ 
ber of such bars we might form in a comparatively small compass a 
magneto-electric battery of great energy. Some of Dr. Page’s beauti¬ 
ful interrupting apparatus might doubtless be used successfully with 
this instrument. As I have no opportunity to construct the instrument 
myself, I would suggest the trial, especially of the latter form of appara¬ 
tus, to any who may he interested in thp subject, thouitl it succfed, 
its advantage would be its superior cheapness and power, (?) and the 
litlle space it would occupy. • 

. -About tbe same time that tbe above instrument was devised, in Urg¬ 
ing over the list of substances which are capifble of forming a galvanic 
circle together, 1 was struck with the much higher electro-ncgatimiess 
of charcoal than of copper in relation to jinc; 4here being but six sub¬ 
stances between zinc and copper, while there are eleven between zinc 
and carbon, whidi, moreover, stands yen higher than gold, and next 
below platina. Besides this, its excellent conducting power seemetl 
particidary to qualify it jo act as an electrometer. Accordingly, I was 
, ^ *° consider that it might form an excellent battery with zinc or its 
amEigtm, and mentioned lire opinion to Professor Renwiek. I was 
jowever prevented from experimentally demonstrating its powers, until 
m the month of March I perceived in one of the foreign journals a 
• snort account of a catbon battery which had been successfully trieS^in 
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England. • I immediately constructed a small buttery, consisting of 
• only six pairs of zinc and bituminous coal, and arranged as a couronuc 
ties' tosses. The zinc plates were an inch square, consequemjv there 
were only six inches ol acting zinc suvluce ; the exciting liquid wa- di¬ 
luted sulphuric acid. With this battery pure water Ws easily and 
rapidly decomposed, though from not having plutiua electrodes, and 
from the want ol a voltameter, thy gas collected was not measured. 
This experiment was witnessed by Mr. Schaeffer, assistant 1 ho lessor of 
Chemistry in the College. To those who possess batteries of consider¬ 
able pdwer, I would suggest the employment of some form of carbon 
for electrodes in the place of platina. 1 hope soon to he able to present 
a series of experiments on the relative advantages of copper and caibou, 
especially in the case of the constant battery. 

New Yoik, Mat/ f), 1840. 


Elect ricilu in Mac Inner i/; by Azusmi Smith, juri. 

• ’ '* 

Messrs. Editors,—Having frequently heard persons employed 
in my father’s manufactory at Manlius, N. Y., speak of the deve¬ 
lopment of electricity by*paitieulnr parts of the machinery,*! was 
led by an article* iu the American Journal for (July ?) to the 

examination ®f the phenomena which furnished me with the fol¬ 
lowing facts ; which you will please to publish if they add any¬ 
thing to the light already existing upon this subject. 

Upon approaching the machinoiy referred to, wlivch vvas con¬ 
nected with lire spinning apparatus, and near the centre of the 
manufactory, 1 observed^libres of cotttn of all lengths it]) to six 
inches, extendi ig out in different directions from one end of the 
spinning frames, and waving as if about to leave their resting 
place for a band two and. a half inches broad, winch moved the 
u^clflnery .and connected it with a drum .seven feet above; the 
latter being* moved by another drum fifteen feet distant, with 
which it was connected by a horizontal strap, seven inches in 
l^qpdth. The two drums were of equal diameter, two feet and 
eight inches, but the wheel by which the*spinning machinery was 
moved and a free pally by its side were only eight inches; and 
consequently made two hundred and eighty-eight revolutionin a 
minute, while the fortner made seventy two. 

Beneath the horizontal strap, and four feet distant from it, the 
hair of the persons spinning \Pas observed to be affected in a similar 
manner with the cotton, all the finer and more flexible fibres stand¬ 
ing directly upright. Upon placing small fibres of cotton from one 
to two feet distant from this strap, they would ascend to it, anti 
adhering to its surface advance with it until within a short distance 
of the drum around which it passed, when they would fall off and 
'-Jpacend to the^floor. Occasionally fibres would pass to and fro 
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between the band and the hand placed near it, and once-or twice 
this latter phenomenon took place through a space of two or three 
feet.- 

Upon slipping the narrow band from the wheel moving the 
machinery to*thc free pulley by its side, the electrical attraction of 
both the bands was observed to disappear, and this notwithsanding 
their motions were the same as before—in a yiomcnt, however, it 
was again manifested upon the spinning machine being set in 
motion by slipping the back upon the motor wheel. This latte* 
phenomena led to an inquiry into the different circumstances 8f the 
band in the two cases, when the idea was suggested that the wheel 
and the free pulley might be made of materials possessing different 
conducting power, but this a machinist of the manufactory in¬ 
formed me was not the case, both being made of iron apd covered 
with leather. The fraction of the spinning machinery^and of the 
motor wheel upon its axis, which were present jin orte, but ab¬ 
sent in the other case, was the next difference suggested tcroiCCtmiit 
for the change, but as the axes of all Jiarts of the macliifl&ry were 
made of non and connected with iron frame-work, it was concluded 
that friction here would have no tendency to accumulate electricity. 
Upon watching the broad horizontal’ band at the momerft the nar¬ 
row one was slipped from the motor wheel upon the free .pulley, 
the part of it connecting the upper part c^the drums was observed 
to relax, while that connecting their lower surfaces, from being 
curved downwards by its weights became proportionally tense. In 
the first case, the upper part of the band was made ?ense by the 
great amount of friction in the machinery which it had to overcome, 
and of course, the friction of the band upon tile 'drums was in¬ 
creased in the same ratio, llut when the free pully 1 only was 
turned, the friction to be overcome, and consequently that of the 
bauds, was much diminisliecf; and this increased amount of frio 
tion of the bands upon the drums in the first ease, is to be referred 
to as the exciting cause of the electricity. 

From this statement you will observe that there was no friqjtion 
of the bands upon each other as is mentioned in the artigi'e referred 
to above, since the horizontal bands were parallel, and the vertical 
ones eight inches apart at their nearest approximation. In another 
part of the manufactory, Jiowever, two portions of a band were* 
observed which were crossing and rubbing *pon each cither, but 
tlieir friction was attended with no observable electrical effects. 
At this time however the band was passing around a free pulley ; 

1 was therefore led to inquire as to its electrical state durng the 
motion of its machinery, and ascertained that its attractive power 
for cotton, &c. at 4ueh times was as great as in that of the bands 
already spdkcn of. 

Although these tacts do not authorize us to dispute those in 

Mr.-article, yet they naturally suggest the question whether 

the electricity in that case was not excited by the friction of the 
band upon the wheels rather than upon each other, 1 and if so, 
whether the apparent difference between the band's below their 3 
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junction and above was not in reality caused by the application of 
the jar, in the one case to a tense, and in the other to a .relived 
portion of the band. 

• 

Not being intimately acquainted with the action of electrical 
apparatus, in different circumstances, l am unable to say whether 
increased pressure of the whole flap of the common machine upon 
tj^e cylinder would materially increase the amount of electricity 
developed, but from the above facts, as well as the nature of the 
case, 1 should suppose it would, and if so, the circumstance pro¬ 
perly attended to in the construction of electrical machines, would 
render them, civlcris paribus', much more powerful. 


* , • . 

Unman Fossil , a Hoped lo he Antediluvian. 


A •discovery of an interesting nature, whic h, it is said, has 
recently J>een made in Belgium, at this moment invites the inspee- 
t on of the scientific and Vh# curious at a house in Lciccstcr-sgpiarc. 
Jt has been laid down by Cuvier, and received as an axiom in 
geology, that tlic*boucs of the inferior animals alone were to he 
found in a ftissil state, and that those of man were invariably 
wanting; a theory whose tendency militated against the* Mosaic 
account of the creation. In the science of geology there is conse¬ 
quently no problem whose solution offers greater interest than that 
which depends on the existence or absence of the human niiledilu- 
vi;*i fossil. This questioh has now, to all appearance, been *et at 
rest by the discovery lately made (?) of the fossil remains of a child, 
which were found embedded •in silex, in a chalk quarry at 
Diehgen, near Brussels. • We understand the proprietor of the 
fosbil has requested the attendance of the Mitre pi is of Northampton, 
and several members of the geological society, to inspect and test 
it with the moat minute scrutiny. The result of this inspection 
m«nA be decisive of its claims to antediluvian origin. The appear¬ 
ance which it presents « that of the head and trunk of an infant, 
completely formed, but apparently much compressed. The head 
is perfect—the nape of the neck, the articulations of the vertebra*, 
the bones of the throat, the chest, shoulders, and parts of the arms 
equally so, and the ribs are distinctly yisihle. The right arm is 
Woken short off by the shoulder ; the left, whieft is umnutilated, 
adheres to the side, and is sunk iftto it. T}je lower extremities are 
indistinct, being thrown up into a circular mass below the abdomen. 
From a section of the lower part, which was accidentally made in 
its discovery, the formation of flint, in which it was preserved, is # 
at once apparent, and on its surface portions of the bones are clearly 
to-dfe traced. • • 
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An Aurora Borealis of considerable magnitude and brilliancy, but 
attended with no peculiarity, was seen herefrom seven till eleven o’clock 
on Monday evening the 19th instant. It consisted principally of a 
strong, steady light in the northern heavens, with the usual black, foggy 
nucleus below; and of many fine streamers which were displayed at 
different times during its appearance. The colour of both streamers 
and steady light was of a misty white. 

W. Stuugeon. ^ 

Manchester, October. e ‘ 


ANSWERS TO CORRESPONDENTS. * 

‘ > 

1st. The electro-maguetie engine with the rotating disc ctyjgnever 
be an effective one ; and we .would advise our correspcsidvnt not to 
1 ot*e any time in making engines on that principle. 

2nd. Magnetic-electrical machines,-having soft iron magnets instead 
of permanent ones, have long been before the public. Our correspon¬ 
dent may see several of them at Watkins and Hill’s Establismnent, 5, 
Charing Cross. 

i * 

3rd. We do not see tlmt Mr. Uriah Clarke has omitted any part of 
the description of his electro-magnetic carriage, excepting, perhaps, 
some wheel, or wheel and pinion inside, lie lias given the kind Smd 
extent of his .batteries; and has also stated that “the caiyiage is pro¬ 
pelled by an arrangement, of machinery on the reciprocating principle; 
and this reciprocating principle was previously described in the Annals 
for July last. (See vol. 5, j». 33. fig. 3, plate I.) If there be any whVel 
and pinion in the arrangement, the pinion will be on the axle of the 
fly wheel, and the wheel in which it works on one of the axles of the 
travelling wheels. Hence the fly wheel will make more revolutions 
than the travelling wheel. 


The Daguerreotype plates may be viewed t«, advantage t>y means of 
either a convex lens, or a spherical concave mirror. If the plate bo 
hold before the mirror, and the eye a little ubov<; the plate, the effect is 
very beautiful. 



Klorr^lanj l.ectures. 


4ol 


Willing at all t'nin to comply with tha sulicitati..,.. f mu nihic,t„ r« we hvo n,„ 

V\ k ^‘ ,,> ' vut, ‘ “ \ erlt- " “} «n<l "0 ho,*, muriictivo lci tmcs <>u tlic wtrimis hranthL ,.i 

ls.Jecuih'ity iuul Magii^LiNm, including Mechanu’al-KlectijiitV, finUamo-KUrtuntA Vi.Iihio 
y >erm °~ blet ‘ tncit y' M BKi'gtie-Blc-itiirity, Mapi.i-tl'ii, EUvtfn-Mi'i-m tisuj, ami hkv 

We ai# awure, that this umlc:takuig in an ar.lm.us task, but bmir euM.a.s to n.rmn 
nssistai.c r> in our power to amateur owerimeuters, ami to mw'evtbp '* V.nmK 1 -till mure t-ruo 
.ally u-W.il tl.auherftnfore, we are in hnj.es Unit, by inHv.It.e, u( r t i„s m.vei tVuturu U;o 
a oi k.mn.-li may I.e aniMmjihslie.l by assist]ng those of our ion.), rs who, in eonsetiuenee of the 
'tele. ii|e eoij.liimu ot onrol.t stamlanl uoiks, i«ml the hnpuitertions .,urt ualpubV nhMinlifi-s 
tt b.eli later wntcishu.eiutioiIneeJ to their pPMlii.tinus on theso sublet ts, nmv bo m llhout :uiy 
othei gniilo in . omlu< ring their experimental m>)iuiin ' J 
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been f licited' 
‘lent. And, 
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weU aw J-ie of “ the liunejitable detect in thin kind ot Ini.urli-d^- alurh reroinly 
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ttrb rltii' ot lliilmlnilcitrii ui s- t.ii, ahhoiiudi e.lrnce may pos^ildj bo wisdno. in some ..filiim 
J.ad lair ..losntumUes ofeserri«inK their i msi/.iaec ii- '■upp.-ft .iftluui |irctr-i..led di* 

ctouiii to 
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"*■" '‘O^liad lair ..j.iMiturnties ol .nf-rrj«ing their t inssamr ii> >.iijj|i..r| ofthen preteii, 
emeries, OiHTnechniny to cif’i rhe lots is 110 fav,> 111 : 1 ! l-> iiitermcUliiHi .,| their ell 
public cjul' ifl^, ^ * » 


LECTUUK I. 

• 

In introducing these lectures to the renders k of the “ Annals ot' 
Elcctricify. Magnetism, Chemistry, &c.,” as they are intended 
principally tor the instruction of amateur experimenters, it. viill lie 
neees-.nry to avoids as much as possible, all those pln\i.,es and tech* 
niealities whi<|h not only puzzle, but absolutely mi. le.ul, even those 
who have, in their own estimation, much higher pretensions to a 
knowledge of siy h fashionable appendages to seientilie literature, 
than the persons tbi whose instruction these lectures ajv mteiided ; 
and to whom, therefore, I shall address myself with freedom, and 
m # the plainest language# that the present state of these subjects 
appear to me to be capable of admitting. I do not, however, wish 
to enter into any engagement that would limit my labours to the 
humble task of a mere detail of Acts, without linking them together 
1 in % sdhve theoretical system or systems of yhysical laws; because 
one of my objects is to trace to the same operations of nature, those 
facts, and those only, which are easily, and not otherwise, explained, 
by that code of laws which governs the display of one peculiar 
class of phenomena. y\nd not to encumlJbr any theoretical system 
with those phenomena to which they do not appear to belong: but 
to explain each class of phenomena by its own peculiar code of 
laws; or if you ple*se, by its own peculiar theory. Hence it is 
that I shall be expected to be explicit on every point on which 1 
touch, both experimental anti theoretical, and either undertake to 
explain all those experimental facts which I may consider necessary 
to bring forward, or candidly affliuowledgc that they are inexpli¬ 
cable upon the theoretical principles which I advance. . 

It will here be necessary to enter into certain conditions with 
my readers, respecting some of those theoretical point s which t<j 
jpany philosophers, even of the present day, appears t<j be some¬ 
what doubtful; though I believe the opinions of many others arc» 
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favourable to those theoretical views by which 1 propose to be' 
guided. 

I wish to be understood then, before I proceed any farther, that, 
besides those recognised portions of matter which appear to be 
the principal part of the materials which constitute the earth and 
its atmosphere, such as the various kinds of solids and fluids which 
usually receive these general appellations, there arc, at least, three , 
others, whose reciprocal actions on each other, and whose ^ccuffiar 
operations on the former classes of bodies, are productive of the 
most surprising, and, in our present state of physical knowledge, 
the most interesting phenomena that nature has revealed to man. 
These are the electric matter ;—the magnetic matter ;—and the 
calorific matter ; each of which I shall consider as a distinct ele¬ 
ment, possessing peculiarities of force and modes o£ action, and 
exhibiting phenomena which no other kind of matter has the power 
of displaying. They, however, operate on one another; in a very 
remarkable manner, by tlreir peculiar reciprocal excitations, and 
are thus produc tive of phenomena which have led some philoso¬ 
phers to the belief of their complete identity. 

The fineness and subtilty of the ' electric, the magnetic, arttl the 
calorific particles, lead us to infer that they insinuate themselves 
into the pores of all other kinds of terrestrial matter ; and their in¬ 
activity, when unmolested in these their natural habitations, is ob¬ 
viously a consequence of the equilibriums of their respective forces, 
when in an undisturbed state. So long, therefore, as these natural 
equilibriums remain unmolested, all of these material agents*are 
perfectly inactive and exhibit no phenomenon whatever. Hence it 
is, that some exciting process becomes absolutely necessary before 
any of their respective phenomena can be produced. The pro¬ 
cesses of excitation which may be employed for bringing these 
agencies into a state of activity are exceedingly various, as I shall 
have occasion to show in many parts of these lectures; but for the 
present, it will be sufficient that 1 dcscrioc one simple mod%only, 
of exciting each individual agent, by means of which,, certain p*\e- 
nomcna of each class may very easily be brought to pass. 

If you take a stick of sealing wax, and, without any preparation, 
present it to any very light article, such as small feathers, bitS bf 
thin paper, &c. placed cithei on a table, book, or a dtsh, &c«, you 
will not perceive any action whatever exercised by the wax on these 
light bodies. In this case you may easily imagine, that there is a 
complete electrical equilibrium in the body and on the surface of 
the sealing wax ; and also i;i the light articles to which it was pre¬ 
sented : and that It is in consequence of this equilibrium that the 
electric matter is perfectly inert;, and will not act upon the light 
bodies which you had prepared. I wish it to be understood, how¬ 
ever, that, although the electric forces of the wax had not a sufficient 
degree of intensity to cause a disturbance in the light bodies, it is 
still possible, that there might not be an absolute uniformity in the 
. distribution of the electric matter, either on the wa^f or on the ottuiJ 
bodies. 
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Now warm the stick oi‘ sealing-wax, taking care not to heat it too 
much ; and then rub it on the sleeve of your coat. 

By this simple process you have disturbed the previous electric 
equilibrium of the sealing-wax. and caused the electric forces to 
become sufficiently active to produce motion in the light bodies to 
which you now may present the stick. They will rise up and Mmg 
to the wax, often changing their positions on its surface, and some- 
tirh^s tl^ey will be suddenly thrown off’ again to a neighbouring 
body, to which they will attach themselves for a short time, and 
again jump back again to the sealing-wax; again leave it. and 
again return ; and so on for several times before the action ceases. 
These motions of the light bodies are electric phenomena ; ami may 
be repeated many times by renewing the activity of fie- electric 
forces, by ag^n nibbing the dry and warm je.ning-wax on the 
sleeve of your coat. 

If you |fref£r a piece of dry woollen cloth to thu of your 

coat, you m^y rub the sealing-wax with it with the v. no eflint. Or 
you may use a piece of dry and warm li.mud to rub your wax 
against; or the fur side of a hare-skin, or a rabbit -.-kin, w hirh i i , 
perha^S, better than any of t.'u* prrwimisl) named substances. But 
whatever you may chonto rub the .-e'ding-wax with, lit me ad¬ 
vise you to hat e it n'/trio V.wl t!,■//, because much of your -u^erss 
in the experiment will divend i n those conditions <-f both t!;e rub¬ 
bing substance and flic* sealing-wax, 

It will now fie proper to inform you tnat the motions which the 
light bodies make tnicuri's the sealing-wax are considered to lu: the 
effect of an electrical alt ruction, exerted between them and the; wax ; 
and their motions from the \v:\ are considered to be dufi to anelec¬ 
trical attraction exerted between them end the body to winch they 
fly,*hnd for a while attach them.adves. Beside* the force of elec¬ 
trical attraction, there is also a force oI electrical repulsion, to which 
I shall solicit your attention im>n*particul.»rly in due coarse as we 
proceed. 

There are*i»iany other bodies which exhibit'this class of electrical 
phenomena, by treating them in the manner I have described for 
sealing-wax. Sfteh is the case with amber, sulphur, &c. If you 
us*- i glass tube fov the exhibition of these ylectrical phenomena, it 
will also require to be vetirm and dry, not only on the outer sur¬ 
face, but on the inner surface also; and the rubbing substance 
ought to be soft silk, *«A piece of old black silk answers as well as 
any thing. The rubbing process, in all these cases, whatever may 
* be, the nature of the articles employed, is, called excitation 

When your sealing wax, or glass tube is well c&eited, ami held 
at a short distance above the hghtjwdics, tly* latter may he made 
to produce rapid motions to and fro, and dance on the table as it 
animated, by the active electric forces to which they are exposed. * 
If you place your light bodies on a pewter or a silver plate, or on ^ 
any metallic flat surface, their dancing motions will be more lively 
tlftfn when placeman any other kind of material: and it ybu touch , 
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the metallic plate with one ot* your fingers, the activity of the mo¬ 
tions will be considerably improved. 

I will now solicit your attention to a simple mode of producing 
magnetic phenomena, which I consider to emanate from the ener¬ 
gies of an agent perfectly distinct from the electric. You must 
allow Inc to suppose that you are already acquainted with an instru¬ 
ment, called the magnetic^ needle; it is sometimes called the compass 
needle; and when supported on a finely pointed pivot, so a%**o 
rest on a horizontal plane, one of its ends, in these latitudes,* points 
towards the north, inclining a little towards the west of that point; 
and its other extremity, consequently, points a little to the cast of 
the true south. In many other parts on the earth’s surface, the 
direction in which the magnetic needle places itself i;heii at rest, 
relatively to the geographical meridian, is very different to that in 
which it reposes in this country, ltut in every part m the worhPit 
is subject to certain influences which are capable of coimmniitatiug 
to it peculiar motions, and-placing It stedlastly in otlA-r positions 
than those which it assumes when no such local influences are 
present. 

if, after the magnetic needle lue? come to rest, you tfcre'tw turn 
it on its pivot with your finger, so as to point to some otlq-r qu'Tter 
of the world, and then take your finger/away from it, the needle 
would commence a series of movements which would terminate by 
its settling again in its former position ; show in if ih«.t, by the opera¬ 
tion of some hidden force or agency, the needle had*a greater ten¬ 
dency to rcpo&e in une direction than in another ; which, in Knghuid, 
and in many other countries, is more near to the *meridi»n than to 
a line placed east and west; or to a circle of latitude dt that place- 
With respect to the cause of this peculiar tendency of the needle 
to place itself in a north and south direction, 1 can only say, in<*his 
place, that it is so completely under the coutiol of the magnetic 
forces of the earth, that they njmu* arc supposed to constrain 
it to assume that particular direction*; but why the esyth is 
magnetic, and why its magnetic forces should be so jjkuated aj to 
operate on the needle in that peculiar manner, arc matters which 
philosophers have not yet determined. There are,-however certain 
laws of magnetic action,,w liieh are well known, and which l*vill 
explain in a future lecture, my object at ‘present, being that of 
showing the simplest, and most easily produced specimens of the 
three grand classes of phenomena' which ary so eminently conspi- 
uouss in nature, and so easily distinguished from each other. 

Perhaps the simplest process for bringing the calorific matter 
from a state of inactive repose to a state of such activity as to pro¬ 
duce ignition and fire, .would bc^that of striking flint against har¬ 
dened steel, and thus igniting detached particles of the metal, 
which in their turn, would ignite gunpowder, tinder, &e. In this 
case the calorific matter, which, previous to the collision of the 
flint ami steel, was perfectly inactive, has, by the operation, be- 
. come suddenly compressed into a smaller compass-) than that withjh 
*. it previously occupied, and becomes active fire in tile condensed 
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An Electrical Machine. 

i 

for a long scrips of years, distinguished hyhimself in the fields 
of science. The phenomena of heat, at all times, display a 
fine field for'lhe contemplation of the philosopher; and whfcn 
arranged in^that judicious manner, treated in that easy and 
lucid style, and discussed with that freedom and candour in 
which.they appear in this work, they become familiar and 
interesting in every department of experimental science, and 
easily 1 -applicable to many of the common affairs of domestic^ 
life. e * 

The work is printed on good paper, and with a bold clear 
type; and contains many illustrative wood engravings and a 
copper plate. It is got up in a neat style, and ought to find 
a place in every scientific library, both public and private: 
and we strongly recommend it to the perusal of f^nilTes who, 
wish to obtain information in these subjects on which it treats^ 


LXXV. —Miscellaneous.— Description of an Electrical 
Machine, made by Messrs. Watkins, anil Hill , 5, <Vharing 
Crass, London, expressly for‘ the Royal Victoria 
Gallery for the Encouragement of Practical Science, 
Manchester. t 

Figure 5, plate XI, is a perspective view of this splendid 
instrument, *f, f, f, f is a stout rectangular mahogany frame, 
supported by four pillars at its angles, as seen in the figure. 
From each of the two long parallel sides of this frame, rise tv$o 
mahogany pillars, supporting a cross piece, which form a vertical 
rectangular frame on each side t of the horizontal one. The 
front vertical frame is represented at e, e, c, e ; and the 4 rcar 
one, winch is principally hid from view, shows *Jne of its 
pillars at e, on the right hand side of the picture; its other 
pillar and cross piece are represented by dotted lines. From each 
end of the horizontal feme f,ff,f, rises a stout glass pillar 
f (f and if g ': surmounted with a brass ball b and b. These 
glass pillars, and another shorter one at P, support the curved 
brass conductor o, o, o : and also four rubbers, two on each 
pillar, with their silken flaps s s, and s, s. The glass plate, 
represented by ihe large’oval, is .‘four feet in diameter: and* 
revolves remarkably true, on .a stout brass axle, supported in 
the middle of the cross pieces lit the vertical frar-ies e, e, e, c, 
'and e, &c. The vertical brass rod r , screws into the ball b, and is 
intended to keep the upper silken flap from being displaced, 
by connecting them with silken cord in the manner shewn by 
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the zig-zag lines. The liwer silken flap is kq* in its place 
by attaching it, in a similar manner, to its vicinal glass pillar 
9^1 • The prime conductor r, c, c, is a splendid appendage . 
to^the machine. It is oil brass, beautifully polished and 
lacquered, and furnished with a stout solid glass stem //, y, 
which, by means of a brass dovetail is attached to thq cross 
piece of the front vertical rectagular frame c, c, c, e. The 
^collecting points proceed from two straight brass tub* *> ter- 
iftinqjed with ebony balls as seen in the figure. The massi\e- 
ness of the frame work, the unusual size and elegance of the 
prime conductor, and the excellency of workmanship displayed 
in the whole, give to this machine a degree of magnificence, 
perhaps never before equalled in any piece of electrical 
. apparafW,*. Its power corresponds with its magnitude and 
appearance, and, if possible, surpasses my anticipations at 
the timo L gave directions for its structure. , i have already 
passed through a series of twelve Lectures ou electricity since 
the arrival of the machine at this Institution, and its per¬ 
formance has given both our Directors and myself the greatest 
satisfaction. 

• x WILLIAM STURGEON. 

• Royal Victoria Gallery, for the Encouragement of 
PracticaLjScience, Mauchestcr. 


METEOR SEEN AT SANDWICH, KENT. 


Letter to the Editor on a Singular Meteor seen at Sand 
wich, Kent. 

• Sir, 

A # • 

About midnight on tlic 6*th inst. a most extraordinary 
Meteor was seen by many persons in these parts, but 1 had 
the good fortune to be one of thp observers. Persons 
with whom I have conversed say, it was as large as the moon 
at full, the light intensely brilliant, even more so than tin; 
brightest day light, and that our gas lamps lor a few seconds 
were reduced to insignificant speck; of light. It passed to 
the N. W. I hope you wi’l get some better account of this 
phenomenon. 

W. II. WEEKES. 


Sandwich, Feb . 18f/<, 1840 







Note on Voltaic Batteries. 


In my “Experimental Rcsearcha in Oatvamsin., ire." published in 1R.‘K), I have stated 
Hint, if liny method could be devised for keeping the transfer of the mercury to the copper, 
amulgarnized zinc might be very adi untageously employed in Cite «truvtnre of voltaic butteries. 
Dining the course of experiments which 1 was then pursuing, I discovered that, although the 
electrical powers of copper, and stun" other metals, became deteriorated by u paitial coating of 
mercury, iron, on the contrary, had its electrical powers improved by such a coating of mer* 
cury, and formed with amalgamated zinc, a more powerful battery than copper with zinc. 

About a year ago, I formed a battery of twelve iron gas tubes, each twelve inches high j 
and strips of am ilgamated zinc, which performed remarkably well. I am now making & 
very extensive battery of similar materials fortius Institution, which I shall dcscribiQn the 
uext number of the Annals. 

About a month ago, Mr. J. P. Joule purchased one of Grove's batteries of Watkins and 
Hill, and has been led to try sheet iron instead of the platmiun. That gentleman luforms me 
Unit the iron performs very well, 

WILLIAM STURGEON'. 

Royal Victoria Gallery 0 / Practical Science, , 

Manchester, March 10th, 1M40. tL rw * 
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state* it is made to assume by the blow that is given to i: by the 
fUiil and the steel. The blacksmith makes a trail red-hot; hy 
guying a few smart blows with a,hammer ; and the'lndian obtains 
tire by rubbing two,blocks bf wood against each other. These, 
and many other mechanical processes, are productive of fin-, by 
calling into action the calorific mutter which, previously, ’was so 
perfectly inert, as to be incapable of igniting the most inflammable 
'natter. In some chemical compounds this latent calorific matter 
is so?susceptible of activity by mechanical operations, that it re¬ 
quires extreme caution to prevent their ignition, even during the 
necessary processes of pieparing them, and transferring them from 
one vessel to another. ^ 

Fn fl\e course of these lectures 1 shall have occasion to show 
lhat an a a. v portion of tile electric matter, Jjas the power of dis¬ 
turbing an inactive portion, find thus causing it to become active 
also* .Wtivp portions of the electric matter willplso disturb other 
active potions of it, and become pilaluetive of veiy interesting 
phenomena. Active magnetic matter is also productne of its own 
class of phenomena, by the operation of it--* peculiar forces on other 
j\4?rt*his df matter of its own kind : such, also, is the ease with the c d- 
orific matter ; for one portion will disturb another portion, and 
# tlms become the exciting* cause for the display of other ^alorific 
phenomena. Moreover, these distinct kinds of matter have the 
power of reciprocally operating on one another, in such a manner 
as t.» b^'eonfe the existing agents for i the display of each others 
pl^'nomei ia. lienee it is th.it we employ the terms .-In Iro-inii"- 
ntl/sui, — iittii/tH’TiL-fi- ctricilif, —i/tcrHin-rlrlcricih/, ixc., the adjective 
in each expression implying the exciting agent, and “the noun the 
eharasHer of the phenomena produced. I shall also liave to employ 
tHfi; terms <oilrtmic-uh’di icily and rolfitit'-ch'clnctlj/, .ill of which 
terms I shall endeavour to explain in their proper places a-. 1 


proceed. 
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Considerations on Chemical Forces ; By M. Gay Lussac.— 
First Memoir on Cohesion* 

l purpose presenting, successively, in several memoirs, some 
reflecticms on affinities; this subject appears to me one of 
great interest, but it is. very difficult, and in entering’upon it 
1 should wish to reckon upon the indulgence and favorable 
concurrence of chemists. 

In the year 1718, a time when chemistry was yet obscure, 
Geoffroy, the elder, endeavoured to classify bodies according 
to the chemical relationship observed between them. He 
established the proposition, that, whenever two substances 
which hate a disposition to join together , are found in con¬ 
nexion, if a third which has a greater inclination for one of 
them , approach, it will unite to that , and cause it to abandon 
the other. 

For the support of this proposition, Geoffroy made a very 
simple table of the relationship between the different sub¬ 
stances, then known. It is printed in the Memoirs de V Acade- 
mi royale des Sciences , for the year 1788, page 202; but I 
thought it would be interesting to reproduce it here, as a 
historical monument, such as Geofflroy has given, replacing 
the chemical symbol of each substance by its proper name. 

T. ... ' - --—- 

Prom the Compte Randus; translated by J. H. Lang, Esq. 
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The substance, at the head of each column, is compared with 
those beneath in a decreasing order of affinity. Thus, in the 
first column, ardent spirits (or acids) ^ave a greater affinity 
for fixed than for volatile alkali salt, absorbing earths, and 
metallic substances. In the fourth column, it is the oily 
principle, or primitive which has the greatest affinity for the 
sulphuric acid: afterwards come the fixed, and volatile alkali 
salts, alkali salt, absorbing earths, iron, copper, and silver. 

Examining the different relations expressed in each column , 
of the table, we perceive that Geo T ffroy, has confounded the 
effects of affinity, which ought to have been separated from 
one another, and has compared some tilings which are not 
comparable. Thus the decomposition of sulphuric acid by 
the pretended primitive sulphur, iron, copper, and silver, 
cannot be assimilated to the affinity of this acid for their bases. 
But this is not surprising, as in tne time of Bergman, half £ 
century later, the same confusion still existed. Geoffroy, bud 
not accompanied bis table with tny explanation, he was 
limited in making the application of it to the preparation of 
corrosive sublimate by several processes, and he has done it ijn 
a tolerably successful manner. Geofiroy’s table, notwith¬ 
standing its imperfections, is a fine conception; it is also the 
first progress made in philosophical chemistry. 

It appears that for some time but little importance was 
attached to Geoffroy’s table of relations. Subjected to se¬ 
veral disturbing causes which often made them vary, they were 
considered as vague, indeterminate, and entirely dependent 
upon circumstances. 

But Bergman, thinking that all the operations of chemistry, 
synthesis or analysis, were founded uppn attractions which 
were not understood, because they were subjected to certain 
conditions, which incited, stopped, or disturbed them, at last 
drew the attention and interest of chemists to the causes of 
chemical phenomena, and his dissertation, De affinilatibus 
electivis, published in 1775, also fixed a remarkable epoch in 
the history of the sciences. * _ - 

Bergman distinguished in a body the attraction of similar 
molecules, which he designated by the name of attraction of 
aggregation; and the attraction of heterogeneous molecules, 
which he calls attraction of composition; when this acts so 
that one substance displaces another in a compound, it then 
takes the name of simple elective attraction; and if it act 
between two compounds, whose elements may be reciprocally 
changed, it takes that of double elective attraction . 

Notwithstanding the opinion which some chemists had of 
the inconstancy of affinities, Bergman appeared to consider 
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them as absolute, determined forces, but whose effects could be 
modified by certain causes, the influence *of which he often 
appreciated in an ingenious, though sometinfbs very incom¬ 
plete manner. * 

. The first of these causes he found in the difference of 
volatility of Substances presented in the same sphere pf action. 
Bergman conceived that the difference in the affinity of two 
substances for a third, at a given temperature, might be move 
than compensated at a higher temperature, by a difference of 
volatility in favour of the substance which had less affinity 
than the other, but more fixity. 

Before Bergman, the results'of the affinity between three 
substances were confounded with those in which there were 
four, that is, the products of the simple elective affinities witli 
those of the double affinities; and as they are really very dif¬ 
ferent, an objection was raised, from this circumstance being 
badly comprehended, to the theory of affinities. Thus, from 
the table of Geoffroy, filled alkalies have a greater affinity 
than lime for acids, since in fact they separate it from the 
gypsum. However, it is said, that if we dissolve chalk in 
aquafortis, and add a solution of vitriolatcd tartar, the gypsum 
regenerates immediately ; a proof that the calcarious matter 
here manifests a greater power. Bergman remarks with pro¬ 
priety, that the two circumstances are very different, since in 
one there are only three, while in the other, there are four 
substances present. He explains the reproduction of the 
gypsum in the mixture of nitrate of chalk with sulphate of 
potassa, from the double elective affiuities, conceiving the 
sum of the two active affinities to be greater than that of the 
quiescent. The explanation is certainly ingenious, but at 
present it is noLenough. 

The effects of affinity may, according toJBergman, be 
further disguised, and the theory blamed, by unexpected 
alterations in the substances present:—for example, nitric 
acid separated marine acid from its alkaline base, a fact which 
has been known for some time; but Mayraf has discovered 
that marine acid can, in its turn, displace nitric acid in salt¬ 
petre. While ignorant of the true nature of marine acid, says 
Bergman, this reciprocal displacement of one acid by another 
has escaped all explanation; but now we know that marine 
acid contains some phlogistic, all difficulty vanishes. Nitric 
acid displaces muriatic by simple affinity; the latter yields its 
phlogistic to the nitric acid, whether it be free or combined 
with a base, and hence their reciprocal displacement becomes 
the consequence of this alteration. It is also thus that white 
arsenic (arsenious acid) decomposed by distillation salts. 
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formed by nitric, but not those formed by marine acid, because 
they also contained a certain quantity of phlogistic. 

Bergman equally well explains the anomalies of decompo¬ 
sition due to solubility. It happens, says this illustrious cne- 
mist, that at first no trace of decomposition appears, though 
it has really taken place; thus vegetable, displaces mineral 
alkali from its combination with acids, although we perceive no 
conglomeration, no precipitate; this circumstance has caused 
some celebrated chemistk to conclude that vegetable, has no 
power over mineral, alkali. But lei us suppose that a little of 
this latter has been eliminated,, is it separated ?—certainly jut; 
it remains in solution: for if we evaporate it we shall obpin 
crystallized mineral alkali, with which we could prodh% 
Glauber’s salts or quadrangular nitre. V ; 

I shall here conclude these quotations. They are sufficient 
to shew that Bergman has deeply studied the theory of affini¬ 
ties, and enriched it with numerous and useful observations. 
What he says of simple elective affinities is in general exact. 
The imperfections that wc remark in it, extend even to the 
state of the science, still uncertain and often obscure in its 
march; and perhaps the Chemical Statics has made us too 
quickly forget the real services Bergman has rendered to philo¬ 
sophical chemistry. 

In what concerns double elective affinities, with the equili¬ 
brium of active and quiescent forces, Bergman has certainly 
shewn great clearness: his explanations are seducing; but 
he has not understood the correct explanation of the precipi¬ 
tates, obtained by the concourse of double affinities. 

Bergman, in imitation of Geoffroy, has explained nothing 
concerning the measure of affinities, an<Lhe was right. This 
question is even now a delicate one, and nob at all easy of 
access. He has confined himself to arranging the bodies by 
their grea’er or less affinity. 

Such were the ideas of Bergman on affinities, which were 
prevalent ’till Berthollet published his researches on affinity, 
and his Chemical Statics , but, they were then eclipsed by the 
great eclat thrown on these two productions. 

Berthollet, in the study of affinities, was engaged with two 
principal ideas: the influence of the force of cohesion in che¬ 
mical phenomena, and the proportion of affinities, which he 
thought to find in the moss of bodies that enter into com¬ 
bination. 

According to this illustrious chemist, cohesion or reciprocal 
attraction of similar molecules is a powerful force which can 
balance the affinity of heterogeneous molecules, and determine 
combinations and decompositions. 
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It does iaot exist at the time it shows its effects only, bnt 
even along time before it becomes effective. He shews 
from this analogy, that as soon as a liquid becomes gaseous, 
and a gas liquid, the dilation of the former, already influenced 
by the gaseous state it is about to take, and the contraction 
of the second, influenced by the liquid or solid state it is 
taking, follow a progression more rapid than the greatest dis¬ 
tance of this term. But this argument of Bergman for the 
establishment of the influence of cohesion, some time before 
its effects are manifested , 1 remains without foundation, when 
we consider that there is no unique, constant point for the 
change of a liquid into an elastic fluid, and reciprocally; but 
on the contrary, this change is incessant at all temperatures 
and under all pressures. 

- Whatever opinion others may form from Berthollet’s de¬ 
monstration, it is, sufficient for me to state that he adopts the 
pre-existing influence of cohesion, and that he has made it 
enter into all the precipitations and chemical solutions. The 
affinity,' says he, which may produce the solid state, ought to 
be considered as a force which not only acts when the solidity 
appears, but even before that time; so that every time he 
produces a solid substance, whether by separation or combi¬ 
nation, we must look in the reciprocal action of the parts 
which acquire solidity for the cause itself which produced it, 
although it may not be manifested before. 

The theory of decompositions has received from Berthollet 
unexpected improvements. We* are indebted to him for the 
principle that the change of acids and bases between two salts 
takes place, every time the salts proceeding from the change or 
only one of them, have less solubility than the given salts. 
This principle is of a fortunate fertility, and, we may say, con¬ 
stitutes one of the finest acquisitions of chemistry. But Ber¬ 
thollet taking cohesion for the first cause of double decom¬ 
position, does not appear to me to have given the true demon¬ 
stration of it. He supposes it is the cohesion of the salts 
not yet existing, which nevertheless determines their formation, 
and this supposition is inadmissible. For if we can agree 
with him that the cohesion begins to act in the solution of a 
salt before the time of crystallization, there is no more of it 
even when the saltB do not exist any longer, as in the case 
of the mixture of two saline solutions* 

Bergman supposed that affinity was an absolute force, ad¬ 
mitting no division in its effects; and had only established 
among bodies a relative affinity. Berthollet, on the contrary 
believed that affinity was not used in an absolute manner, with¬ 
outdivision; that thus abase in the presence of two acids 
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did not exclusively combine with the most powerful, as Berg- 
men thought: but that it divided itself between the two in 
proportion to their affinity and quantity. (Hence the principle of 
BerthoUet, that the affinity of different dcids for the same alka » 
Une rase, is in the inverse proportion to the ponderable quan¬ 
tity ofeqch of them , which is necessary for the neutralisation 
of an equal quantity of the same alkaline base. At present, 
and, I may say, for some time past, this measure of affinity has 
been abandoned; At the time BerthoUet wrote his Statique 
chimique , the atomistic theory was but little understood, and 
some years later, BerthoUet would certainly not have pro¬ 
posed a method of measuring affinity that gives nothing else 
but the atomic weights or equivalents, which we know to be 
independent of chemical atl. actions, or at least to have but very 
distant connexions with them. I hope hereafter to be able to 
return to this subject, as weU as to the division of one. sub¬ 
stance between two antagonists. For the present I shall con¬ 
fine my observations to the force of cohesion, since it is made 
to take so large a share in most chemical phenomena, and as it 
is of the utmost importance to the better appreciating its real 
influence. 

The attraction of hetreogeneous molecules has been rightly 
distinguished after Bergman, from that of homologous or sim¬ 
ilar molecules, which has also been designated by the name 
of aggregation , and since BerthoUet, by cohesion. These two 
forces have, without doubt, the same.origin, but not appearing 
to have any common tie in different bodies, their effects could, 
not be confounded. 

Cohesion itself takes different names from the lights in 
which we consider it. It is called tenacity, when weight or 
force is opposed to it for determining toe rupture of a body. 
It is caUed hardness , when taken for ,the resistance one body 
offers touanother with which we wish to cut it. Tenacity , 
and hardness are evidently cohesion itself; or at least they both 
essentially depend upon it. Bodies which have*the most tena¬ 
city are also generally those which have the greatest hardness 
or, according to our notions, the most cohesion. Nevertheless 
this ought only to be understood of uncrystaUized bodies, be¬ 
cause, for crystalUzed bodies, there exists an easy cleavage, 
and we can. very well conceive that there may exist notable 
differences between hardness and tenacity , according to the 
direction of the rupture and separation of the particles. 

' Comparingamong themselves the three states which the same 
body can take, we nave been led to make each of these states 
depend: on the relation of the peculiar cohesion of the mole¬ 
cules of this body to their, repulsion. It is very certain that 
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in solids the cohesion is the greatest; in liquids it is much less t 
hut it is always something, since there is nq liquid which does 
not take the globular /orm, and that a drop s impended from 
a solid, may be divided into two parts, of which the lower 
adheres to the higher, notwithstanding the weight which in¬ 
clines it to fall. 

The word cohesion , in a chemical point of view, Is taken 
under another acceptation. Here the action is complex; the 
body to be dissolved and the solvent are both present, and 
each acts on the other. «The resistance the one offers to 
the other is called insolubility , which must never be taken but 
in a relative sense. This resistanoe, let us now say, insolubility, 
depends essentially, according to the established belief, both 
on the cohesion or reciprocal attraction of the similar mole¬ 
cules of the body to be dissolved, and its affinity for the solvent 
we present to it. So that it is supposed, if the body, instead 
of being solid, were # liquid, the solvent would take a much more 
considerable quantity of it. 

This, if I mistake not, is the opinion commonly formed of 
chemical cohesion and solution. Not being able to divide it 
nicely, and proposing to discuss it, I thought I ought here to 
introduce these details, which their shortness will without 
doubt excuse. The progress of science brings daily new modi¬ 
fications into our ideas, and it is very necessary to fix the 
starting point of a discussion, if we wish it to be clear and 
useful. % 

But before treating of cohesion with regard to its influence 
in chemical phenomena, I shall allow' myself to turn my atten¬ 
tion to a physical operation which also appears connected 
with cohesion, and appears to me very proper to throw light 
on the method of influence of this force, I speak of volatiliza¬ 
tion. 

I suppose a volatile body, able to present itself upder the 
solid and liquid forms within the limit of temperature acces¬ 
sible to observation; water for instance. . If tue elastic force 
of its steam be determined, starting from 20 below zero, at 
which it is jsolid and possesses a great cohesion, we find that 
the progression of tins elastic force, is no way affected by the 
passage from the solid to the liquid, or, reciprocally, from 
that part of the liquid to the solid state, that is to say, that 
the elastic force of ice at zero is precisely the same as that 
of water, at the same temperature; a similar observation for 
every other degree of the thermometer at which we can find 
water at the same time in the solid and liquid state, the elastic 
force of steam will remain the same for both; and, however, 
without exactly deciding the degree of cohesion of ice, in com- 
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parboil with that of water, we roav adroit that it is incompa¬ 
rably greater, perhaps more than a thousand times. 

This observation which struck me same time ago l hare 
verified on hydrocyanic acid, which wc know solidifies at about 
15 below zero and still preserves a very great volatility. The 
progression of the elastic force of its steam, has been no 
way affected at the time of the change of state; and this 
result may be considered as general. 

Hence there is no relationship between the cohesion or 
attraction of the molecules of a* body and their repulsive 
force; the one is consequently quite independent of the 
other and the elastic force df steam is only netermind by the 
number of molecules able to maintain themselves in a gas¬ 
eous state, in a limited space at a given temperature. 

However when we consider that salt water produces a 
steam whose tension is less than that of pure water, at the 
same temperatures,* a result which can only be explained 
by an affinity of the aqueous for the saline molecules, we may 
ask, in assimilating this affinity to that of water for its own 
molecules, if the space above a surface of water is really satu¬ 
rated with steam, that is to say, if the equilibrium established, 
the least cooling of the steam taken from the action of the 
water, the least reduction of space would not occasion the 
precipitation of a certain quantity of steam ; or whether, for 
the same space above salt water, the saturation is not com¬ 
plete, so that the steam taken from the action of the liquid 
might be cooled or reduced in volume within certain limits, 
without the least precipitation of its molecules. 1 am dis¬ 
posed to believe that the space above pure water becomes 
completely saturated with steam, from the consideration that 
the difference of the attraction of the mdfeculps of ice among 
themselves, to that of the molecules of water, avails nothing 
in the elastic force of the steam of each of these bodies, taken 
at the same temperature. Nevertheless, the experiment does 
not appear to me less interesting to try, and al the ugh very deli¬ 
cate, I propose to prepare for the execution of if. 

The observation that the elastic force of a body remains 
constant at the instant of the change between the liquidity 


* It has been pretended that the stream which comes from an aqueous saline 
solution, boiling later than water (at 110“ for instance) was always at 1 00 *. 
This is a very great error; steam has always the same temperature "as the last 
liquid bed it traverses ; but wbat hai caused the deception is, that steam, as 
also every other elastic fluid, cools very rapidly until the time of their condensa¬ 
tion, when the cooling is more powerfully compensated by the liberation of 
their latent caloric.. 

Vol. I,V.—No. 23, March, 1840. Bb 
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and solidity, doubtless clashes with the received ideas relative 
to the molecular constitution of each of these jtates; but it 
would not oppose them less even if we derived from it the 
consequent, that molecular attraction is the same for a liquid 
as for a solid at the instant of the change of state; for this is 
accompanied with variations as much in the volume of the 
body as in its quantity of caloric, which appears to announce 
a great alteration in its molecular constitution. And whether 
the molecules in taking the solid state, are only caused to 
approach; whether they Are placed together otherwise; or 
finally whether they unite in small geometrical groups which, 
by their arrangement, would modify the volume of the body; 
results all of which, depend necessarily on another mode of 
action in the molecular forces; at least it is certain from our 
scientific analogies, that they are then in very different con¬ 
ditions from what they were before the change, and it is still 
very remarkable that their elastic force is indifferent to all 
these pertubations. 

These preliminaries established (and I consider them of 
great importance from their connexion with the principal 

S uestion which I have started) I shall turn my attention to 
le effects of cohesion, and follow them up more particularly 
in solutions. 

We will look for some bodies uniting the double condition 
of being soluble in a solvent, and of being able to appear 
solids and liquids within accessible limits of temperature for 
the determination of their solubility. 

Among salts I do not know of any which combine these 
two conditions. 


^Among acids, I thought camphoric acid, of which we find 
a table of solubility* in Berzelius, from Brandes, would 
furnish me with an example of solubility under the desired 
conditions; and in fact this acid whose fusibility is given at 
63°, appeared to show a solubility above and below this 
point, which was subject to a law of regular continuity. But 
wishing to repeat these experiments of Brandes with some 
camphoric acid, such as is obtained from M. Leibcy, I per¬ 
ceived that this acid would not fuse even at 300°, and conse¬ 
quently I abandoned it. 

. Among inflammable bodies, cetine, paraffine, fat solid acids, 
present no anomaly in their solubility in alcohol while passing 
from the solid to the liquid state; the progression in propor¬ 
tion as the temperature increases is perfectly continuous and 
regular. I shall give by and by these different solubilities, 
regretting, much, that I have not among the salts more 
conclusive examples. 
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But the cohesion of these different bodies while they are 
solid being greater than when they are liquid, and their solu¬ 
bility not bennfg disturbed at the instant of changing from 
one state to another, neither before nor after it is absolutely 
necessary that it be independent of the cohesion. 

Further, if 1 take the solubility of an oil in aleohol I find 
that it'acts in general precisely like that of a solid, although 
liquid, that is to say without great cohesion; the solubility, 
very feeble at a low temperature goes on increasing progres¬ 
sively with it. Thus a body whether it remains constantly 
liquid, or whether at first solid it afterward becomes liquid, 
presents under each of these circumstances the same kind of 
solubility. 

Gaseous substances themselves sucfl as chlorine, do not sec 
to me to undergo any alteration in the progression of their 
solubility at the moment of their change p.f state. 

Finally, if the cohesion of a salt had a great influence 
over its solution, the solvent would never be completely 
saturated by simple contact with it, and the solution separated 
from the salt, might be reduced in temperature a certain 
number of degrees without giving up the salt. But. it is 
not so, setting aside the accidental circumstance of inertia of 
the molecules, the solution gives up salt immediately it be¬ 
comes the least cooled. 

Hence I am inclined to think cohesion has nothing to do 
in general with solution. As the elasticity of vapours, so, the 
solution of a body, varies with the temperature; it is doubt¬ 
less, also connected with the reciprocal affinity of the solvent 
and the body dissolved ; but the effects of affinity not being 
variable with the temperature, while thpso of solution depend 
essentially upon it, it would be difficult not to admit that in 
solution as in evaporation, the product is essentially limited 
to eachadegree of temperature, by the number of molecules 
able to exist in a given portion of the solution; they separate 
themselves for the same reason as the elastic molecules are 
precipitated by a decrease of temperature; and probably also, 
like these latter, by the compression and reductidn of volume 
of the solvent. 

Thus when the temperature decreases in a solvent saturated 
with a body, the molecules in excess with regard to the new 
temperature will be precipitated, not by virtue of the cohesion, 
which we suppose ought to incline them to separate and 

n ate, but because they can no longer be maintained in 
vent as takes place fbr a vapour saturated space which 
has just been cooled, hence it would be of but little matter 
whether the molecules repulsed from the midst of a solvent. 
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once separated, took the solid, or liquid; or even the 
elastic form. * , 

Whenever solution is* essentially connected with vaporisation 
in this manner, that both are dependent upon the temperature 
and obedient to its variations. Hence they ought both to 
afford, if not a complete identity of effects at least a great 
analogy: their essential difference consists in the gaseous mole¬ 
cules not having need of a solvent to keep them in a given space 
their repulsive force being sufficient for this purpose. On 
the contrary in the solution of a solid or liquid body, the 
molecules could not keep themselves in the space ik" they were 
connected by affinity with the molecules of the solvent. This 
condition fulfilled, the solution following its particular course, 
yielding to temperature*as every vapour has also one particu¬ 
lar to itself. 

Hence the analogy which solution and vaporisation have 
holds to their complete submission to temperature; and as the 
variates it appears to me incontestable, that the elastic 
force of the vapour of a body is quite independent of the 
state of this body or of the cohesion of its molecules since it 
remains constant when the latter varies, I shall still be dis¬ 
posed to admit from these analogies that solution is regularly 
independent of cohesion. 

However, if there exist analogy between vaporisation and 
solution, we may ask, why while the elastic force of vapours 
follows a vegular ascending law, the solubility of some salts 
such as sulphate, selcniato of soda, presents all at once a 
point of repulsion and a decreasing course. 

I shall remark first that the difficulty remains the same 
whether there bo an\, analogy between vaporisation and so¬ 
lution or not, and thus it cannot constitute a serious objecti¬ 
on ; in the second place the retrograding point iiwthe solution 
of some bodies, may be easily explained by the consideraton 
that at this point it is no longer the same body which conti¬ 
nues to be dissolved. Thus for chlorine from 0 U to about 8° a 
space of temperature during which it is in a hydrate state, 
the solubilty is ascending but at this latter point, the hydrate is 
overcome and immediately, as the solubility follows a decreas¬ 
ing progression as far as 100, at which it is almost nothing. 
This is very evidently hydrate of chlorine which is dissolved 
from 0° to 8° above that of chlorine only. Finally for sulphate of 
soda, the decrease of the solubility in proportion as the temper¬ 
ature increases above 33° may be attributed to a diminution of 
affinity. I shall return to the solubility of this salt. 

As there is some interest to know whether a salt susceptible 
of forming a hydrate, dissolves in water, hydrated or anhy- 
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drated, I shall mention a fact which seems to me necessary to 
remove the uncertainty: it is that, whenever an anhydrous 
salt, or any other body not having tho property of forming a 
hydrate, is dissolved in water, there is constantly a produc¬ 
tion of cold; and that, on the contrary, when die salt can 
form a^ hydrate, thero is a production of heat. When the 
hydrate is complete, before the solution in water the case is 
the same as when the salt cannot bo hydrated. We may 
perceive that it might sometimes happen that the heat pro¬ 
duced by the hydration was less*than the cold produced by 
the change of state, but I have not yet perceived any excep¬ 
tion. The fact that 1 have just particularised will also esta¬ 
blish a fresh aualogy between solution and vaporisation, 
relatively to the heat rendered latent in tho change of state. 

Iu comparing solution with combination, we may assign 
a remarkable difference between them, ^ viz. that solution 
varies at every instant with the temperature while combination 
is not similarly obedient to these variations. 

If my observations be correct, they will greatly weaken 
the influence which Berthollct has attributed to cohesion in 
all chemical phenomena; but I feel too much the weight 
of this illustrious authority not to be, in defiance of my 
own arguments, and not to be staggered in tny new con¬ 
victions. It is with this sincere feeling of doubt, that I 
shall indicate some applications of the light in which I 
consider cohesion. , 

Berthollct has often repeated that when one body precipi¬ 
tates another from it, it is not always an indication of a 
superiority of affinity; that it is the cohesion which takes tho 
precipitated which determined the decomposition. 

From the principles which I have established, cohesion on 
the contrary,^has only a secondary place in the precipitation, 
as in th$ solution : the precipitation is a constant proof of a 
greater affinity; cohesion only shows it by rendering its effects 
sensible. 

With regard to decompositions by double affinity, our 
explanations are equally divergent, if wc submit: a solution 
of sulphate of soda with one of nitrate of lime it makes a 
precipitate of sulphate of lime, and nitrate of soda remains in 
solution. 

Bergman explains this result by saying that the sum of the 
active affinities which are in motion carries it over that of the 
quiescent affinities. 

"According to Berthollet there is a double decomposition, 
because tho sulphate of lime is the most coherent of the •four 
salts which may be conceived from the mixture in the solution, 
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previously to ■ aE precipitation. Berthollet conceived that 
although tlie sulphate of lime does not exists still the cohesion 
which it must take determines the formation of it as well as 
the separation. 

This explanation I believe has never appeared satisfactory. 
As long as the sulphate of lime is expected not to exi$t in the 
solution, the cohesion that it should take cannot be cited to 
explain its formation and precipitation; and for the same 
reasons we can no more invoke the insolubility: it does not 
determine the change as a first cause, it only renders it sensi¬ 
ble and effective, when it has been used in determining the 
separation of its products. What then is really the cause 
which presides over the decompositions by double affinity ? 

If we turn our attention to the precipitates resulting from the 
action of the double affinites, we find that those are not the most 
stable precipitates vyhicli contain acids and the most powerful 
bases. Thus sulphate of potassa although formed of elements 
endowed with a powerful affinity, is transformed in its mixture 
with acetate of lime, into sulphate of lime, the base of which has a 
much less affinity for the sulphuric acid, than the potassa. In 
the mixture of sulphate of lime with carbonate of ammonia, 
the lime is precipitated with the carbonic acid in a much less 
stable combination than it formed at first. It would be easy 
to give many similar examples. 

Hence it will not be correct to say, that after the mixture 
of two saline solutions, the strongest acid always combines 
with the strongest base; it would appear on the contrary, 
that the salts in a state of neutralization, may change acids 
and bases independently of their reciprocal affinities. 

Judging only by the results of experiment, the change is 
manifested by th$ precipitation of a new insoluble salt alone, 
whose formation, according to Berthollet, would even he the 
cause of the change. But as the reasons he has gi^pn for it 
are not satisfactory, we may ask, if the cohesion of a salt not 
yet existing, or its insolubility, which does not even carry the 
idea of cohesion, can exercise their action before the formation 
of .this salt* and be the real cause of it.; or rather even, if not 
being able to determine this formation they only exercise their 
influence afterwards, causing the separation of one of the new 
salts produced at the moment of the mixture. * 

To myself, after the observations I have presented on the 
slight influence of cohesion in solutions and chemical preatpi* 
tations, the question does not appear doubtful* 

r shall recall to mind first that ■the solubilityof a-solid body 
in a Solvent, is no way affected by the ffifference of molecular 
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attraction between the solid and liquid state* that consequently 
the change cannot be affected any longer. 

But to these considerations we may add others which appear 
to me of great weight. 

The change between the acids and bases of two salts may 
take place, according to Berthollet, in several ways. Besides 
the insolubility which most usually determines it, a difference 
of fusibility, density, and volatility, may also, very well produce 
it. But in the case, for example, of a difference of volatility, 
we can no longer invoke the reciprdcal affinity of the molecules 
as for a solid, or even for a liquid, since, on the contrary, the 
molecules of the salt which is separated are in a state of re¬ 
pulsion, and that we may also demonstrate, as in the case of 
insolubility, as in that of volatility, it is always the most 
volatile salt that is formed. 


Thus the change taking place, according to the received 
opinion, under very different circumstances of solubility, den¬ 
sity, fusibility, and volatility, one of them cannot be the true 
cause of the change to the exclusion of the others, and con¬ 
sequently this cause ought to be considered otherwise, inde¬ 
pendent of these different circumstances. 

Since the change is not determined by the reciprocal 
affinity of the acids and bases, since also it is no longer by the 
secondary causes we have just enumerated, and as however 
these latter cause separations, it necessarily follows that the 
change precedes them, and we can only be satisfied with re¬ 
gard to these different causes of separation, by admitting that 
at the moment of the mixture, before any separation, there is 
a complete confusion between the acids and bases, that is to 
say, the acids combine indifferently with/the bases and recip¬ 
rocally; the order of combination is of little tl importance, pro¬ 
vided the acuity and alkalinity are satisfactory, and they are 
evidently so, whatever equilibrium may be established be¬ 
tween the acids and bases. 

This principle of indifference of equilibrium' (equipollence) 
being established, the. decompositions produced by double 
affinit y are explained. with very great simplicity. At the 
moment of the mixture of two salts, two new oiies are formed, 


bearing some relationship to the two former, and allowing one 
of these properties, insolubility, density, fusibility, volatility, 
&e. to be stronger in the new than in the given salts, there 
will be a disturbance of the equilibrium, and separation of 
of, one salt, sometimes even of several. 

Still it is essential to consider that, although we admit a con- 
fustom at: the time of the mixture of two. or more saline solu¬ 
tions, it may not always rigorously take place. We know in 
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fact, that the molecules of a compound oppose a Sort of inertia 
to the change, and that time or disturbance's often necessary 
to causeUhts change.* Many saline solutions, and particu¬ 
larly that of sulphate of soda, keep themselves sur-saturated 
at very inferior temperatures to that at which they ought to 
begin giving up the salt. A solution of sulphate or magnesia 
mixed with a solution of oxalate of ammonia, when left undis¬ 
turbed, gives no precipitate of oxalate of magnesia for a long 
time after the mixture, whereas it is produced in a few 
seconds by means of a rapid agitation. Besides this circum¬ 
stance of the inertia of molecules, which is opposed to the 
change, we may admit, in the case of a complete reciprocal 
saturation, such a state of indifference, or if we prefer it, in¬ 
stability between the acids and bases, that the slightest cir¬ 
cumstance, even a very feeble cohesion, might disturb the 
equilibrium and determine the change. 

Even admitting that the confusion has taken place, we might 
yet conceive that the separation of the newly formed salts, 
would not be instantly effected, and for this reason we see 
that water remains liquid several degrees below zero. Hence 
it is possible to conceive that the reciprocal action of the 
molecules which separate themselves from the solvent, deter¬ 
mines and accelerates the phenomenon. But this reciprocal 
action of the molecules to reunite into a liquid or solid mass, 
I always consider as only occupying a secondary place iu 
chemical-phenomena. 

It is easy to demonstrate the change between the elements 
Of two salts, although it may not be accompanied by the l'or- 
mationof a precipitate. Let v.3 imagine a solution of sulphate 
of protoxide of irortv- and pass through the mixture a current 
of sulphurated hydrogen: there will immediately be made a 
precipitate of sulphuret of iron, which makes us suppose that it 
was formed previously from the acetate of iron. I know that 
in the real case, we may object to this change having taken 
place between the strongest acid, sulphuric, joined to the 
longest base which is here the soda; but the objection will 
not appear* founded if we recollect that the reciprocal affinity 
qf the acids and bases appears quite foreign to’the formation 
of precipitates formed by the concourse of double affinities.— 
Every other base besides soda, the weakest?-we can choose 
among thoso which are not precipitated by the sulphurated 
hydrogen, would produce a similar effect. Thus acetate of 
afumine mixed with sulphato of iron, determines its decompo¬ 
sition by sulphurated hydrogen. * 

The principle of chemical equilibriums (equipollenccs) which 
has just been admitted with regard to swine substances, ap- 
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pears to me to extend to all analogous compounds, that is 
to say to all those, in which the" sum 0 ! the neutralizations, 
after the mixture will be the same as before,, as for ex¬ 
ample, for water and a chloride. 

Here is a very remarkable fact. It would appear that, in 
the reciprocal combination of two acids with two bases, there 
is expended a certain quantity of action, whether chemical or 
electrical, which remains constant in the change. 

I had wished to say a few words on solution: but I find 
myself prevented by the difficulty of the subject, which is 
much greater than it appeared at first sight. I shall confine 
myself to remarking, that the word solution is applied under 
very dissimilar circumstances, which ought, however, to be 
carefully distinguished. In a solution properly so called, such 
as a salt in water, there is no decomposition between the sob 
vent and the body dissolved; the effect varies in general with 
the temperature. On the contrary, in a solution by an acid 
or alkaline solvent, there is generally decomposition, forma¬ 
tion of new products, and the effect no longer varies with the 
temperature as in the other solution. Hence we must deter¬ 
mine in each particular case, whether it is simply solution, 
whether it is the consequence of the formation of new pro¬ 
ducts, or if in that these two circumstances cannot be joined 
together. But to arrive at this determination some data, 
which will form the subject of another memoir, are stil| 
wanting. _ . , 

1 terminate this first work without having nearly exhausted 
the matter it embraces, but as I said at the beginning, th'd 
matter is difficult, and I had only promised making a few ob¬ 
servations. Perhaps theyMvill have more interest in ^being 
strengthened by these 1 have yet to present. In the mean 
time 1 leave that to the criticism of chemists*, and shall con¬ 
sider myself happy if, at least as conjectures , they .attract 
their attention. 


XL V. Optics. —Note on irradiation; by M. 5. Plateau.* 

fi 

At the session of the 6th of May last, M. Arago much 
wished to entertain the Academy with ray memoir on irradia¬ 
tion, and presented at the same time some observations on the 
theoretic part of this work. M. Arago thought that we could 
not preserve the physiological explanation which I have en- 


* From the Compte Rend us. Translated by J. H. Lang, Esq. 
Vo* IV.—No. 22, March , 1840. B b 
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deavoured to confirm, and advances a new theory from which 
the irradiation would be th# result of thq chromatic aberra¬ 
tion of the eye. The considerations mentioned 6y M. Arago, 
not having been printed, I have been prevented from becom¬ 
ing perfectly acquainted with them, and am not aware of their 
tending to refute the arguments I have brought forward in 
favor of the physiological theory. 1 shall not hehe recall 
these circumstances, but shall content myself with examining 
the new hypothesis presented by M. Arago. 

It is true, the eye is not, cat present, recognised as a perfectly 
achromatic instrument, and it necessarily follows from this 
non-achromatism, that the images of objects are surrounded, 
on the retina, by a small baud of aberration, which ought to 
increase a little the apparent dimensions of luminous objects 
projected on an obscure ground,' and diminish those obscure 
objects which are projected on a luminous ground. But 
whether this effect can be sensible under ordinary, circum¬ 
stances, and whether the small band of aberration has suffici¬ 
ent breadth for us to distinguish it, and to attribute to it the 
phenemenon known as irradiation, is the question I hope to 

solve. « . 

I shall first remark, that by virtue of the same cause 
which produces it, thes mall band, which the chromatic aberra¬ 
tion of the eye draws around images, cannot be exempt from 
colors. Consequently, if this irradiation, manifested by a 
white object on a black ground, was due to this cause, it 
appears that the object would appear colored on the edges.— 
But amoug all the observers who have engaged themselves 
with occular irradiation, not one has made the least mention 
of colored appeamnees, and in the numerous experiments 
that I have made om irradiation under a great number of dif¬ 
ferent circumstances, I have never seen any thing similar.— 
This absence of visible colors, might, with difficulty^ be attri¬ 
buted to the small angular width df the irradiation; the per¬ 
sons among whom the phenomenon has much developement, 
wjll be easily convinced, by repeating some of my experi¬ 
ments, or* by observing the well known appearance of the 
current, that the band of irradiation is of a width quite suf- 
'ficient to allow its color to be seen if it had any. 

In the second place, I do not see how it would be possible' 
to explain by the aberration of refran^ibility, this singular 
law to which irradiation is subject, viz.:—that when two 
objects of equal brilliancy are only separated, by a small inter¬ 
val, each of them diminishes the irradiation of the other in 
tiie parts in view, and that, in proportion as the two objects 
approach one another, so that at last when they touch, the 
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irradiation is nothing for each o| them at the point, of con¬ 
tact; or how to adihit an action exercised by a luminous image 
on the aberration produced about another image. & 

But we may easily decide by direct experiments, whether 
occular irradiation is due to chromatic observation or not. It 
is sufficient, in fact, to try if the irradiation he also produced 
when the object is bright, by a homogeneous light. If in this 
case, we no longer perceive the irradiation, we may admit as 
true, the hypothesis which attributes this phenomenon to the 
chromatic aberration of the eye, but if, on the contrary, the 
irradiation still appears, and to the same degree as with a 
compound light, equal in brilliancy to the homogeneous light 
employed, it will be impossible to discover the cause of tho 
phenomenon in the aberration with which it acts. The fol¬ 
lowing experiments have been executed for the purpose of 
deciding this point. , 

The homogeneous light I have made use of is that which 
proceeds from the flame of a mixture of alcohol, water, and 
salt. I have imbibed with this mixture a quantity of cotton 
wick which I put behind an unpolished glass placed vertically. 
This mixture lighted in a dark room, gives a voluminous 
flame, and the unpolished glass obscured on the other side, 
forms a tolerably bright luminous field. To render the light 
still more homogeneous, I placed between the flame and the 
unpolished glass, a glass of a deep yellow color. Kvery 
thing being thus prepared, I placed successively before the 
unpolished glass, the apparatus already described in the 28th 
section of my memoirs, and that which served for my ex¬ 
periments or measure, after having reduced) in this latter, the 
vertical edge of the movable plate, by prolonging that of the 
fixed one. These apparatus thus projected, were placed on a 
field of very considerable brightness, and a light so nearly 
approached to homogeneousness, that, in observing them by 
refraction across a prism placed vertically at five metres dist¬ 
ant, their image not only preserved a perfect plainness, but 
only presented laterally a greenish shadow so faint that it re¬ 
quires great attention to perqeivc it. I ought algo to mention, 
that in order to give the eyes more sensibility, the experi¬ 
ments have not been made by day in a dark room, but at 
night. 

But, under the circumstances I have just described, and 
which necessarily exclude the effects which might have de¬ 
pended on the aberration oftefrangibiiity, the above apparatus 
nave shewn me a very .distinct irradiation. The same result 
was discovered by M. M. Burggrarve and Le Francois, two 
of the persons who assisted me in the experiment or measure 
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mentioned in my memoir, and who are, .therefore, accus¬ 
tomed to judge of the phenomena of irradiation.^ In order af¬ 
terwards to test the results produced, and those which would 
arise from a compound light, and one of a similar brilliancy, I 
placed before the above mentioned unpolished glass, another 
similar glass, behind which I lighted several wax candles so 
disposed as to afford an uniform light, and these I moved to 
and fro’ till the brilliancy of this second glass appeared equal 
to the first. An opaque screen also separated the wax-can¬ 
dles from the alcohol flani^ so that each of the glasses received 
but one of the two lights. 1 had thus-two luminous fields of 
the same brilliancy, but, of which, one was lighted by a homo¬ 
geneous yellow light, and the other by a light, which, without 
being as white as that of the day, was evidently sufficiently 
compounded for the purpose. I then placed before these two 
luminous lights, the apparatus of irradiation in themselves 
identical, and so disposed, that in observing them simultane¬ 
ously, it was easy to perceive if the irradiations developed by 
the two lights, differed sensibly from each other. Hut this 
comparison, made by the two persons before mentioned, and 
myself, gave us no appreciable difference; the two apparatus 
shewed a distinct irradiation, but that which proceeded from 
this compound light was neither more nor less extensive than 
that which arose from the homogeneous light. 

These facts I think, lead to the following necessary con¬ 
clusions, that we must admit the existence of the aberration 
of refrangibility of the eye; which irradiation ought to be attri¬ 
buted to another cause, and the effect of the aberration con¬ 
sidered as entirely hidden, under ordinary circumstances, by 
the baud of irradia^pn. 


XL VI. Brief notice of the Extrication of Bflrium, Stron¬ 
tium , and Calcium , by exposure of their chlorides to a 
powerful voltaic circuit , in contact with mercury as a 
*\cathode f* and the distillation of the resulting amalgams 
by means of vessels of iron* 

Agreeably to the statements made by Sir Humphrey Davy 
in his Bakerian lecture, that celebrated chemist was not 
quite successful in isolating either barium or strontium, as he 
declares that he was not enabled to expel from them com¬ 
pletely the mercury, by amalgamation with which they had 
been reduced to the metallic state from that of oxide. In the 
most successful experiments made? by him for the isolation of 
calcium, the tube broke, and the mass took fire before the 
distillation was accomplished. 


• From Silliuian’s Journal. 
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On the Extrication of Barium , $-c. 

Dr. Hare has recently obtained, by an improved process, 
all three of the metals above mentioned. In this, saturated 
solutions of the chlorides are substituted for moistened oxides; 
the mercury and solutions being both refrigerated by ice- 
water, or a freezing mixture within receptacles contrived for 
the purpose. Two deflagrators, each comprising one hundred 
Cruicksliank pairs, severally exposing one hundred inches of 
zine surface, were employed alternately. In consequence of 
this mode of operating, the charge of acid, at first feeble, was 
gradually strengthened by additions, so as to render the re¬ 
action towards the close as forcible us at the commencement. 
This is highly important., since the difficulty of decomposing 
the chloride increases with the quantity of calcium combined 
with the mercury. 

The resulting amalgams were severally subjected to distil¬ 
lation by means of a crucible enclosed in ail air-tight iron 
alembic, being protected from the access of air bv caoutehou- 
chine naphtha, mercury and desiccated hydrogen. For the 
complete expulsion of the mercury, a heat above the soften¬ 
ing point of glass was necessary. 

So great was the avidity for oxygen of the metals thus ob¬ 
tained, that to see their bright, metallic white colour, the eye 
must follow closely after the movements of a file or burnisher 
employed to expose a fresh surface. Metallic whiteness is 
soon succeeded by a straw color, as in the case of steel filed 
at a high temperature. Hut the whole mass is soon reduced 
co a pulverulent, oxide. Of this the color is dark, in conse¬ 
quence of a resinous coating resulting from reaction of the 
metal with the naphtha necessarily employed to prevent the 
excess of atmospheric oxygen. In consequence of this coat¬ 
ing being insoluble in water, but readily soluble in hydrie- 
ether, oxidizemenl ensues more readily in the last-rnentioned 
liquid than in water. 

The metals in question w'erc all brittle, and much harder 
than potassium or sodium. By the evolution of *he mercury, 
they are left in a form resembling, in some degree, that of 
metallic arsenic. 

Davy informs us that he employed only fifty or sixty 
grains of merenry. Dr. Hare has employed a half-pound 
avoirdupoise, which is seventy times as great, and is under the 
impression, that with sixty grains it would not be possible to 
isolate a perceptible quantity of calcium. Operating with 
much larger quantities of amalgam, he has found no residue 
besides a stain upon the glass of the tube employed to 
distil off the mercury. 
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XLVII. Process for a Fulminating Powder—for the Evo¬ 
lution of Calcium and Galvanic Ignitidn of Gunpowder ; 
by Dr. Hare. 

An equivalent of quick lime, with an equivalent and a half 
of bycyanide of mercury, is subjected to a red heat in a porce¬ 
lain crucible enclosed within an air-tight alembic*of iron, 
so as completely to exclude atmospheric air. The result¬ 
ing residual mass was found, in two experiments, to have the 
weight whieh would correspond with an equivalent of calcium, 
united to an equivalent of cyanogen. From the filtered solu¬ 
tion of the compound thus produced, in acetic acid, a preci¬ 
pitate was obtained by the addition of nitrate of the protoxide 
of mercury. This precipitate' whenVell dried was found to 
constitute a powder capable of fulminating by percussion. 

Isolation of Calcium by the deflagration, in a receiver , of 
desiccated hydrogen , of the compound formed by igniting 
in a close vessel , bicyanide of mercury with pure quick 
lime. 

By exposing the compound of cyanogen with calcium, ob¬ 
tained as above mentioned, either in vacuo or in an atmosphere 
of desiccated hydrogen to a current from two hundred pairs 
of Cruickshank plates, each comprising one hundred square 
inches of zinc surface, the calcium appeared to he isolated. 
Particles displaying metallic characteristics under the bur¬ 
nisher, and which effervesced in water, were observed, while 
the gas escaping had an odor rescmblingThat of silicuretted 
hydrogen evolved by silicurot of potassium, under like cir¬ 
cumstances. 

Deflagration^)/ phosphuret of calcium. —By exposure of 
the phosphuret of calcium to the current from the denagrators, 
as above described, calcium containing a trace of phosphorus 
appeared to remain. The phosphorus was'condensed upon 
the receiver in sufficient quautity to obscure the glass. The 
residual mass thrown into water effervesced extricating hydro¬ 
gen slightly phosphoric in its odor. When compounds of 
carbon with calcium were similarly exposed, the residue had 
a metallic appearance, but did not decompose water. 

On one occasion, a portion of the ^charcoal forming the 
anode was fused into a globule, having the consistency and 
other characteristics of plumbago. It appeared more com¬ 
pact than the globules obtained by us many years since, of 
which a portion was forwarded to Dr. Hare at the time. 
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Of l^rofessor DqnielFs adoption of Dr. Hards ] method of 
igniting*gunpowder by galvanic ignition. 

t 

During the summer of 1831, a method of igniting gun¬ 
powder by galvanism was contrived by Dr. Hare, the idea 
having been suggested bv the abortive dibi ts of an ingenious 
individual of the name of Shaw, to effect this object by me¬ 
chanical electricity. Of the apparatus described for the pur¬ 
pose in question by Dr. Hare, engravings and descriptions 
were published in this Journal m ihc autumn of 1833. We 
advert to these facts now in consequence of the recent 
publication of analagous experiments by Pro. Daniell, 
King’s College, who in this case, as well as in that of his 
“ re-invention” of a hydro-oxygen blow-pipe of Dr. Hare, 
was no doubt ignorant that he had been anticipated. 

In performing his experiments, it would seem that Pro. 
Daniell used his ingenious apparatus, known as the sus¬ 
taining battery, which, although peculiarly qualified for the 
production of a durable current, is, as we think, far less 
competent than the calorimeter of Dr. lfare, to produce a 
transient intense ignition, such as would he the most efficacious 
in igniting gunpowder. 

XLVIII. Method of adjusting this Dipping Needle ; by 

Thomas Perry, Professor of Mathematics, United States 

Navy.* 

TO TUB EDITORS. 

Gentlemen,—Finding it necessary, some months since, to 
re-adjurt a needle belonging to my instrument for measuring 
the magnetic, dip, I adopted a method ivliich, from its sim¬ 
plicity, I am induced to communicate, in the hope that it may 
be soi viceable to others in similar circumstances. 

The instrument being firmly fixed, and accurately levelled, 
the direction of the magnetic parallel of latitude and meridian, 
and the true dip, were approximately ascertained by properly 
reversing its faces, axis, and poles. The plane of its face 
was then made to coincide with the parallel of magnetic lati¬ 
tude, and the substance of the needle carefully ground away, 
from the sides perpendicular to its plane of motion, until it 
assumed the same position (the vertical) upon reversing its 
axis. The plane of the face w as then brought into the mag¬ 
netic meridian, and the needle again ground upon the sides 
parallel to the plane of motion, so as not to affect the pre¬ 
vious adjustment much, until it indicated nearly the true dip. 
These processes were successively repeated, until the errors, 


* Silliman’s Journal. 



360 


Dr. Jno . M. B. Harden , 

saving such.as result from the imperfection of the circles were 
found» upon making all possible reversions, to be less than 
theprobable errors of .observation. 

This method may be advantageously employed in the final 
adjustment of new needles. I have employed it successfully 
in one instance. Two small screws, at right angles with each 
other, might also be added, which would render grinding un¬ 
necessary ; but their weight would prove some incumbrance, 
and they would increase the liability of the adjustments to 
derangement. e 

The value of the process results from the difficulty of 
rendering manufactured and tempered steel devoid of mag¬ 
netism. Its correctness of principle is obvious from the 
impossibility of correct indications in two different positions 
of the needle, except when the centre of gravity coinciding 
with the axis of motion, the influence of this force becomes 
nothing in all caseS. 

In making these adjustments, it is better that the magnetism 
be of feeble intensity, provided that it be sufficient to overcome 
inertia and friction; as, in this case, the influence of any 
other force is more obvious. Any two different planes or 
even the same might be employed by a little modification of 
the process ; but those specified are most eligible, as in them 
the forces affecting the position of the needle, present the 
greatest disparity. 

U. S. Sliip Independence, Jan. 28, 1839. 


XL1X. Formula for discovering the Weight and Volume in a 
mixture of twq Bases , by Dr. Jno. M. B. Harden, 
Riceboro, Liberty County, Geo.* 

TO THE EDITORS. 

■v. 

In the 12th volume of the “ Philosophical Magazine” 
there is a paper by Mr. Golding Bird, upon the subject of 
“ indirect eh(?mical analysis,” in which he gives two formulae, 
by Puggendorff, for the quantitative estimation of two different 
bases in Aiixtures of those bases. These formulae are suffi¬ 
ciently exact, but probably not as simple or comprehensive as 
might be desired. He alludes also to one annexed by the 
French translator to the “ Analysis of inorganic bodies,” by 
Berzelius, which T do not find in the English translation of 
that work. As it may be well to multiply methods for the 
solution of such problems, I send-you the follow ing formula, 
which, although from the well known, principles which it in¬ 
volves, I cannot suppose that it has auy claim to novelty, I 


* Silliman’s Journal. 
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have never seen proposed for this object. If you should con¬ 
sider it worthy the notice of the analytic chemist, yon Mill 
please insert it in your highly useful Journal. 

In the mixture of two bases, it is proposed to find the 
weight and volume, or bulk of each base, by having given the 
specific gravity of* each ingredient, together with the spe¬ 
cific gravity of the mixture and its weight. Now, since 
the specific gravities of each base or ingredient of the mixture 
are supposed to be known in most, if not all cases, :dl that, is 
necessary will bo to determine t/y experiments, the specific, 
gravity and weight of the mixture, in order to find the quan¬ 
tities desired. Let A = sp. gr. of one ingredient, B sp. 
gr. of the other, and C — sp. gr. of mixture. Lot also the 
weight of the mixture — l, and .r and y — the weights of the 
bases; then it is evident that 

x y 1 

-1--- — and x -f- y 1. 

A B V C 

These equations reduced, give 

AO — A B All—BC 

x - -- and y -. 

AC —BC AC—BC 

Multiply these fractions by the number expressing the weight 
of the mixture, and we have the weight nl‘ each base or in¬ 
gredient; and as the volumes are inversely as the. specific gra¬ 
vities, they are found by dividing the weights by the sp. gr 
of each. 

We give as an example, the mixture of'oxygen and azote in 
atmospheric air: 

LlUl—Mill x 0722 309 

———--—- proportional weight of oxygen. 

1.1111—.9722 1389 

1.1111X -9722—.9722 1080 

y — • -■ ■ .. .. do. do. of azote. 

1.1111—.9722 1389 

Now, since 100 cubic inches o( air weigh 30.5 grains, it 
will be found that the weight per cent, of oxygen in atmos¬ 
pheric air is 22.23, and of azote 77.77, divide these by the 
sp. gr. of each, and it will be found that the volume per cent, 
of azote is 79.8, that of oxygen 20.2 nearly, which corresponds 
exactly with the result of the most rigid and careful experi¬ 
ments. 
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I need scarcely remark that this formula applies only in 
cases where the specific gravities are determined, by the same 
standard of comparison, although in every case they may he 
reduced to the same by an easy mathematical calculation. 

Liberty Co. Gee. Aug. 15th, l&J'J. 


L. Of the Reaction of Sulphuric Add with the Essential 

of Hemlock; by Mr. Ci ark Hare, of Philadelphia.* 

If equal parts of sulphuric? acid and oil of hemlock be mingled 
together, refrigeration being employed to prevent too great a 
rise of temperature, a black acid resinous mass results. By 
the addition of carbonate of lead and water, the unaltered 
sulphuric acid, present in great quantity, is converted into an 
insoluble sulphate, which, mingling with the resin, gives rise 
to a yellow mass resembling putty in its consistency, while 
there will be found dissolved in the water two soluble salts of 
lead. 

The presence of a very large quantity of coloring matter, 
interferes with the examination of these salts. This, however, 
in a great measure disappears on precipitating the lead by sul- 
phydric acid gas, resaturating the liberated acids by the car¬ 
bonate, and again throwing down the lead in the state of a 
sulphide. The partially decolorized acids thus obtained may 
then he saturated with barytes, and the resulting salts evapor¬ 
ated to dryness, when they assume the appearance of an 
amorphous mass. By washing with absolute alcohol, one of 
the salts present in this mass is dissolved. On the solution of 
the other in water, ( and subsequent crystallization, it proves 
to he the acetate of’barytes. 

The salt dissolved in the alcohol does not appear susceptible, 
of crystallization, probably on account of its extreme solubility. 
On drying it assumes a gummy appearance, and by stiH farther 
desiccation, may he obtained in the state of a dry mass desti¬ 
tute of cohesion, and susceptible of being with facility reduced 
to the state of a powder. 

When exposed to heat in a retort, this salt resists an elevated 
temperature without alteration, but at length, if heated rapidly, 
carbonizes, giving off sulphurous acid and a small quantity of 
essential oil and water. There remain in the retort a spongy 
carbonaceous substance, and a large quantity of sulphite of 
barytes. As this result proved the acid united with the barytes 
to consist of organic matter} combined with sulphuric acid and 


• Eldest Son of Dr. Hare. 
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modifying its properties, in order to ascertain the quantity of 
the latter present, boryt.es was precipitated by carbonate of 
potash, the precipitate weighed and tin* resulting potash salt 
evaporated to dryness, it was then intimately mingled with 
the bliuk oxide of copper and nitrate of potash, nitric acid 
added, and the whole mass gradually heated to redness. Red 
fumes !>re given oil*during the whole of the process, and while 
the nitric acid at the beginning of the operation preunits the. 
deoxidation of any portion of the sulphuric acid ; at the end, 
the oxide of copper prevents the exolosh o reaction which would 
ensue, were nitric acid and nitrate of potash alone present. 

The result of two experiments made in this manner, the mass 
after ignition being washed with diluted chlorohydric acid, and 
the solution precipitated by barytes, was as follows :—Carbon¬ 
ate of barytes ]■>} gr’s. Sulphate of barytes 1(1} gr’s. Car¬ 
bonate of barytes 13} gr’s. Sulphate of barytes 10} gr’s. 
The quantity of sulphuric acid as calculatt d from the quantity 
of sulphate precipitated, is in each ease, 5.5}) gr’s,, while 
as calculated from the precipitate of carbonate of barytes, 
on the supposition that one atom of it is present in the 
barytes salt for each atom of base, it would be 5 gr’s. in 
the first instance, ami 5.3 gr’s in the second, it will there¬ 


fore- be perceived that in both experiments the quantity of sul¬ 
phuric acid, as calculated from the remits, exceeds the quan¬ 
tity necessary for forming an equivalent with the base present. 
This must be attributed either to some, inaccuracy in perform¬ 
ing the analysis, or to the presence of a small quantity of some 
sulpho-orgauic acid, containing in its neutral salts, two atoms 
of sulphuric acid for each atom of base. The, former explana¬ 
tion is by far the most likely to be ton*, aiijd it seems probable 
that the composition of a neutral salt of tins acid may be repre¬ 
sented by one atom of sulphuric acid, one* atom of organic 
matter, and one atom of base. 

A number of compounds possessing the properties of acids 
have been discovered, consisting of an acid of sulphur modi¬ 
fied by some organic substance. These compounds may be 
divided into tw r o classes. In one are comprised pilose acids 
which are composed of two atoms of sulphuric acid, united to 
one of organic matter acting as a base, and which consequently, 
in forming neutral salts, unite with hut one additional atom of 
base. In the neutral salts formed by the other class, two atoms 
of sulphur arc also present foT each atom of organic matter 
and each atom of base, but are combined with oxygen in such 
proportion as to form byposulphnric acid, so that the organic 
matter present cannot be considered as acting the part of a 
base. Under the first of these heads may be enumerated the 
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sulphovinie, sulphetheric, sulphomethylic, / and sulphocctie 
acids; under tlie second, the benzosulphurio, snljjhonapthalie, 
and probably the sulplmvcgctic, and several others. For the 
acids contained in the first class, custom seems to have assigned 
as a nomenclature, a name derived from the organic matter 
entering into their composition, modified so as to terminate in 
ic and having the term snlplio prefixed. For the second, no 
fixed rule seems to hate been laid down. The German che¬ 


mist who discovered one of the two acids whose composition 
lias been ascertained with sufficient accuracy to enable us with 
certainty to place them under this head, gave to it the name 
of benzosulplmrie, while the other acid still retains the appel¬ 
lation of sulphonapthalic, which it received when its composi¬ 
tion and properties were still supposed to be analagous to those 
of the sulphovinie and other acids which belong to the first class. 
The acids described in this article, if the view given of its com¬ 
position be correct,"must he considered as belonging to a divi¬ 
sion of the second class hitherto unoccupied, unless by the 
sulphindigotic acid of Berzelius. In the hemlosulphnric, as 
in the other acids of this class, there is present one atom of an 
oxacid ol sulphur modified by an atom of organic matter which 
does not, as in the first class, act as a base, or diminish the 
saturating power ol the acid. If, therefore, we should adopt 
the nomenclature, of the German chemists, with the change of 
sulphuric into hyposulphuric as necessary to designate with 
precision the acid of sulphur in question, for the acids of the 
second class, calling them benzoliyposulphuric and naptha- 
lohyposulphuric; and applying the same idea to the acid 
described iu this article, name it hemlohyposulphuric, the ends 
to he attained in for ning a nomenclature would perhaps be as 
well answered as is practicable, without departing too widely 
from established custom. 


Hemlosulphuric acid possesses a sour taste °and peculiar 
odor. It does not appear susceptible of crystallization, either 
when free or as far as 1 have examined its compounds, when 
combined with bases. The salts which it forms with potash 
lime and barytes leave in the mouth a decided and long con¬ 
tinued impression of sweetness. Though extremely soluble 
they are not deliquescent. If the liemlosulphate of barytes he 
kept for a length of time at a temperature between 500 r ’ and 
600°, the sulphate of barytes and organic matter of which it is 
composed separate, the iatter in the shape of a resinous pow¬ 
der insoluble in water, though soluble in alcohol and ether. 
This seems a singular instance .of a body very soluble in 
water, affording by the mere separation of its constituents, two 
others eminently insoluble in that liquid. 
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In the resinous yellow mass into which the greater pan of 
the hemlock of oil. is converted by the action of the sulphuric 
acid, there is present a yellow oil which contains sulphuric 
acid combined with it in a neutralized state. By the action of 
ether, this oil may be dissolved, and by subsequent evaporation, 
deposited, but when thus obtained it is contaminated by .so 
much wisin that though the presence of sulphuric acid may he 
ascertained, it is impossible to determine the atomic com¬ 
position.* 

From the reaction of sulphuric acid, with oil of turpentine, 
nothing more appears to be produced than a reciprocal decom¬ 
position ; though a different result might have been anticipated 
from the close analogy which appears to exist between this 
essential oil and that of hemlock. Caoutchouchine, however, 
reacts with sulphuric acid in a manner quite analagous to the 
oil of hemlock, giving rise to a yellow resin ami an acid com¬ 
pound of sulphuric acid and organic matter, which forms solu¬ 
ble salts with lead and barytes. An oil, however, separates 
and floats on top, which appears insusceptible of farther attack 
from the acid. 


LI. Results of Experiments on the Vibrations of Pendu¬ 
lums, with different suspending springs ; being the substance 
a paper by W. J. Fuodsham, F. II. S., read before the 
Royal Society, June 21, 18118. Forwarded for insertion 
in this Journal. 

The experiments of which I am about to give an account, and 
from which I propose to draw some practical conclusions, were 
undertaken with a view to determine whether some particular 
condition of the suspending spring of the pendulum, with 
respect either to its length, its strength, or both, might not 
cause it, with a lighter maintaining power to produce a given 
arc of vibration, or, with a given maintaining power, to produce 
a greater arc of vibration than any other; and at^thc same time 
to ascertain whether some practical means might not he devised 
for making unequal arcs of vibration in the ordinary .pendulum, 
correspond to equal intervals of time.. 

My attention was drawn to the subject many years ago, when 
having replaced the spring of a turret-clock by a stronger one, 
I found the arc of vibration materially altered. 


• It is well known that by the reaction between chouchydrio acid and pure 
oil of turpentine, two species of artificial camphor are generated, one solid, 
the other liquid. Having obtained both of these compounds a few years since. 
Dr. Hare subjected the oil of hemlock to chtorohydric acid by the s? .«) 
process, but could not thus obtain any concrete camphor. That whi'.i be 
did obtain was analagous to the liquid artificial camphor above mentioned. 
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Having often reflected upon the subject, I at length resolved 
to make some experiments to satisfy my mind inspecting it; 
and 1 accordingly had*made for the purpose a lenticular pen¬ 
dulum bob of about fourteen pounds weight, a cylindrical rod 
passing through it, with a nut working on a screw at the lower 
end, and supporting the bob. • 

The upper end of the rod was slit to receive the spring; and 
the, spring and the rod were attached to each other by a pin 
passing through a hole in both. 

But before fixing the pm, what T call an isochronal piece 
was slid over the top of the rod, aiul if this part of the appa¬ 
ratus had served only to attach the rod and spring more firmly 
together, and prevent any wavering motion of tin* pendulum, 
it would have rendered an important service. This, howevir, 
was but a secondary and incidental effect of its application. 

The piece, which J have so named, is a brass tube about five 
inches long, fitting the pendulum rod \ ery nicely, and slit to 
form a spring for about an inch at the bottom, so as to slide 
rather stiffly on the rod. At the upper end of the tube is a 
clip, which is made to embrace the suspending spring firmly 
by means of two screws; so that after the pendulum has been 
brought to the proper length by the adjusting nut at the lower 
end of the rod, the length of the acting part of the suspending 
spring may be varied at pleasure, without in the least altering 
the length of the pendulum, by merely sliding the isochronal 
piece up- or down the rod, and tightening the screws of the 
clip. 

I also provided five springs of different degrees of strength, 
and a silken string, by which, in the first experiments, the 
pendulum was suspended. 

The pendulum used was an uncompensated one, hut in each 
experiment it was adjusted to nearly the proper length for 
mean time. • 

Commencing with the silken thread, or rather two parallel 
threads, one behind the other, I suspended the pendulum 
within tin; ease of a clock, perfectly detached from the works, 
no maintaining power being applied. 

Each degree of the scale on which the arcs of vibration 
were noted, was nearly ’8 of an inch in length, and a degree 
was sub-divided into tweuty equal parts. 

I drew the bob aside 2°, and leaving it to vibrate by its ow-ii 
gravity, I found the arc of vibration was reduced from 2° to 1° 

and from 1° to in the times noted as under. ? 

• 

Arc of vibration from 2° to 1° in 20m. 15s. 

Do. do. 1 to l 23 6 
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On repeating the experiment, the results were:— 

Are of vibration from 2° to l^iu 21m. Os. 

Do. do. 1 to | 24 0 

Drawing the pendulum aside 1°, I found from five succes¬ 
sive trials that the arc of vibration was reduced to half a degree 
in the times following:— 


* 


From 

r to i° 

in 21m. 

45s. 

l)o. 

do. 

oo 

45 

! )o. 

do. 

OO 

«*• 

0 

Do. 

do. 

o-> 

30 

Do. 

do. 

0-1 

6U 

0 


Mean, •> - - 2*2 24' 

The mean of the two preceding corresponding results is 
23m. 12s. The difference mav be satisfactorily accounted lor, 
by the. difficulty of setting off the pendulum at the precise 
point intended, and of noting the time when the are is di¬ 
minished to the proposed quantity. 

It is apparent from these experiments, that when a pendu¬ 
lum is lively suspended, and left to vibrate from its own 
gravity, the arc of vibration is sooner reduced Irom 2" to 1 
than from 1° to as might indeed be anticipated from the 
increased resistance experienced by the bob, while moving 
through a greater space in the same time. 

T attached the pendulum, suspended as*before, to a clock, 
with a maintaining power of 01b. 8oz., but tjie clock stopped 
in 39 miuutes j and setting it off again, it stopped in 43 mi¬ 
nutes; but otf applying a weight of Olb. lloz., the clock con¬ 
tinued to 5 go; thus showing that a weight of Olb. lloz. was 
sufficient to keep the pendulum in vibration, while one only 
3oz. lighter was not. 

The arcs of vibration in the preceding experiments being 
smaller than is desirable in practice, I proceeded to experi¬ 
ment with heavier weights, the pendulum being still suspended 
by the parallel silk threads, noting in each case the arc of 
vibration and the rate of the clock, viz., its gain or loss in 
24 hours. 

Iik the following experiments each succeeding pair is to be 
considered as giving the results for two consecutive days, 
though more than one day occasionally elapsed between the 
times at which the sets were taken. 
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Weight. 

Arc of Vibration. 

Rate. 

14 

Goz. 

2° 

3, 

9s 

.0: 

8 

0 

1 

30 

+ or 

.7 , 

141b. 

6 

2° 

3 

— 10 

.0 1 

8 

0 

1 

30 

0 

.0, 

11 

2 1 

1 

45 

— 7 

.0 ’ 

8 

0 

1 

30 

+ 1 

.0 | 

19 

0 . . 

. . 2 

15 

— 13 

.0 


It hence appears, that when a pendulum is suspended by a 
flexible string, a heavier weight and a consequent greater arc 
of vibration, causes tin; clock to lose. 

The following are the dimensions of the springs which were 


experimented with: 
Number. 

H read ill 

Thickness.. 

1 

*350 inch 

■001 inch. 

2 

*390 

1 

o 

o 

Iw 

3 

■395 - 

*003 

4 

*395 

•004 

5 

■400 

035 


The pendulum being suspended by the weakest string, No- 
1, the times were noted as before, in which the arcs of vibra¬ 
tion were reduced from 2' J to 1°, and from 1° to no main¬ 
taining power being applied. 

Arc. reduced from 2° to 1° in lli. 58m. 

Do. do. 1 57 

Do. 1 to | 2 8 

Do. do. | 2 10 ( 

With the same spring, and a maintaining power of 41b. loz. 
and 21b. 2oz., the following arcs of vibration and rate of the 
clock resulted lVom two consecutive days, the elective length 
of the spring being *1)2 inches. 

Weight. Arc. ltate. 

41b. loz. 2 1 3' - 9s. 6 

2 2 1 30 - 6 1 

« . 

The pendulum being suspended with spring No. 2, and 
clipped at '92 inch, Without maintaining power, the arcs of 
vibration were reduced as follows:— 

From 2° to 1° in 2h. 20m. Os. 

Do. 2 — 1 — 2 20 44 

Do. 1—1—2 26 0 

Do. 1 — | — 2 26 0 

Applying 41b. loz. and 21b. 2oz. in succession, as a main¬ 
taining power, I found as under:— 
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Weight. Are of Tibration. Rate. 

4lb. loi^ 2° 9' —Os. *2 

2*2 1 36 , +2 5 

With spring No. 3, and effective length *92 inch,the follow¬ 
ing results were obtained on two consecutive days:— 

Weight. Arc. Rate. 

41b. loz. 2” 1.'/ —2s. *5 

2 2 1 39 _ 2 *8 


Ileducing the effective length of the spring to *8 inch, the 
following results were obtained on consecutive days:— 


Weight. Arc. 

411). loz. 2* 9' 

2 2 1 30 

4 1 2 9 

2 2 1 30 

4 1 2 9 


Rate. 
Os. 0 \ 
0 
0 
0 
0 


OJ 

V. 

■a] 


Hence, with either of these lengths of this spring, the rate 
does not appear to be perceptibly in/lueuced by the extent of 
the aj*cs of vibration. In fact, the \ihmtions of the pendulum 
may, for all practical purposes, be considered as isochronous. 

The effective length of the spring was then increased to *92 
inch, and the following results were noted, without maintaining 
power:— 


Arc 

reduced 

from 

o 

’ to V 

in 2h. 

26m. 

Os, 

1 >o. 

do. 


2 

1 

2 

23 

13 

l)o. 

do. 


l 


o 

37 

0 

Do. 

do. 


1 

0 

** 

36 

40 


On three other occasions, with the same spring, and 
effective length '92 inch, the following comparative results 
were obtained:— 


‘“Weight. 


Arc. 

Rato 

4lb. loz. 

2- 

5 15 

— 4s. *0 } 

2 2 

1 

39 

— 4 *2 $ 

4 1 

2 

15 

— 5 *0/ 

2 2 

1 

39 

— 5 "2 $ 

4 1 

2 

15 

— 5 0 ( 

4 l 

2 

15 

-5 *0 $ 


Shewing that even with different lengths of this spring, 
the vibration may be considered as isochronous, with consider¬ 
ably different arcs of vibration; and also that with this spring, 
a greater arc of vibration is produced with the same maintain¬ 
ing power, than with any other spring that has been tried. 

Spring No. 4 was next applied without maintaining power* 
Vol. IV.—No. 22, March , 1840. C c 
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With it the arc of vibration was from . 


T to 1° in 

lh. 

47m. 

do. ‘ 

1 

48 

do. 

1 

50 

1° to \° 

1 

54 

do. 

1 

55 

do. 

1 

58 

do. 

2 

O 


Applying maintaining power of 41b. loz. and 2lb. 2oz. res¬ 
pectively, with ’07 inch effective length the following results 
were noted:— 

Weight. Arc. Rate. 

41b. loz. 2 ' 6' —2s. *2 

2 2 1 30 1*2 

Even with this comparatively stiff spring, the are of vibration 
is greater with a maintaining power of 4lb., loz. than it was 
with 141b. Goz., when the pendulum was suspended by two 
parallel silk threads. But the rate appears to vary more with 
the arc of vibration, than it did when No. 0 was used. 

Reducing the length of this spring to ’06 inch, the following 
results were obtained:— < 

Weight. Arc. Rate. 

41b. loz. 2° 3' — 14s. ’1 

2 2 1 27 —11 *5 

Sliding up the isochronal piece still further, till the length 
of the effective part of the spring was reduced to ’50 inch, the 
following were the results:— 

■Weight. ' Arc. Rate, 

41b. loz. 2° 3' —18s. ’0 

2 2 f 1 12 —14 ’5 

This further shortening of the spring appears to hive had a 
perceptible effect on the arc of vibration, when the lighter 
weight tvas applied. 

1 lastly attached the strongest spring, No. 5, and with 
effective length TO inch. 

Weight. Rate. 

41b. l3oz. —15s. *5 

2 10 —13 *5 

a 

Reducing the length of tins spring to *8, the following 
results were obtained: 

Weight. Rate., 

61b. 3oz: — 14s. ’6 

2 10 —12 ’4 
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Sliding up tin* isochronal piece still further, till the length 
of the effective paVt of the spring was reduced to '50 inch the 
following were the results: ! 


Weight. 
4lb. 13oz, 
2 10 


Rnte. 

— 12s. 0 

— 8 '2 


The lighter weight, 21b. 2oz. employed on experimenting 
with the weaker s[iring.s, was found insufficient to keep the 
pendulum in vibration with No.’S; 21b. lOoz. was found 
adequate to the purpose, and it was therefore employed. 

In experimenting with this spring, the arcs of vibration were 
not noted, asT found that both it and No. 4 were too strong 
for the weight of the boh i was using, and to whicluhe experi¬ 
ments indicate that No. 8 was excellently adapted. 

The arc of vibration with tin; spring, No. jl, (v iz. 2° If/) using 
a weight of 41b. loz. required 191b, weight to produce it when 
the pendulum was suspended by the silken threads. 

It appears then, from the preceding experiments on suspend¬ 
ing springs diflcring in length and strength, that there is one 
which, with a given maintaining power, produces a greater are 
of vibration than others, and gives the same are of \ ibration with 
a smaller maintaining power; and, further, that with this same 
spring tile vibrations may, in point of time, be all considered as 
isochronous, whether the ares are large or small. And with 
the aid of the isochron a l piece, a spring of the proper length 
and thickness may easily be selected in a very few trials. 

It may be noticed too, that unless this pendulum is first 
isochronizml by some such method as that which has been 
pointed out, anomalies may be imputed v« x imperfect compen¬ 
sation^ which have their origin in a very different source. 

In fine, it may he stated in conclusion, that if the pendulums 
of astronpmical clocks were furnished with what 1 have called 
an isochronal piece, any person possessing a few springs of 
different degrees of strength, may with very bttle diflieulty 
determine wliat spring is best adapted to the weight of the 
pendulum, and also what part of the spring may he most 
advantageously employed in action ; aud 1 shall not think that 
the attention which Lhave given to this .subject has been mis¬ 
spent, if any thing that I have done may contribute to the 
advancement of an art to which I have been professionally 
devoted during the whole of my life. 

London, March, 1839. 
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✓ 

LII. Effects of Lightning upon the packet ship'New York ; 

by Mr. Charles Rfcii, at the request of the Editors.* 

Upon my first visit to Liverpool in May, 1827, the vessel in 
which I arrived was moored in Prince’s dock along side the 
packet ship New York, Capt. Bennett. This ship 1 repeatedly 
visited, and indeed was obliged to cross her deck to reach the 
wharf. Having been informed that she had been injured by 
lightning during her passagfc, I examined her several times, and 
the following are the main facts that I remember. 

The ship sailed from New York in April, and on the third 
day out, bring the 10th, while in the Gulf Stream, in lat. 38 u 9' 
N. and Ion. 01" 17' YV\, was struck by lightning at about day¬ 
light in the morning. The passengers being still in their 
berths, were roused by a heavy report like that of a cannon 
close to their ears, and the cabin was filled with a dense smoke 
smelling like sulphur. It had been broad daylight, but was 
now almost dark as night, llain fell in torrents—hail covered 
the deck; the lightning and thunder were almost simultaneous; 
the sea ran very high, and the water being at 74° F. and the 
air at 48u, the copious evaporation produced pillars of con¬ 
densed vapour reaching to the clouds. Tire scene was one of 
terrific sublimity. Some parts of the ship and spars were for a 
moment on fire, but were quickly extinguished by the nun. 

Tlic fluid first struck her main royal must, burst asunder 
three stout iron hoops with which it was bound, and shattered 
the mast head and cap. It passed down the mainmast, one 
branch entered a store-room and demolished the hulk heads 
and fittings; theme it went into the cabin, and conducted by a 
lead pipe passed out through the ship’s side between wind and 
water, starting the ends of' three five inch planks. During its 
progress it burst open the harness casks, shivered to pieces the 
large looking glass in the ladies’ cabin, and being Conducted 
by the quicksilver on the back, it left the frame uninjured; it 
overturned the piano forte, split into several pieces the dining 
table, and* by its influence so highly magnetized the chrono¬ 
meter as to render it during that passage not trust-worthy. 
.Most of the watches which were under the gentlemen’s pillows 
were so highly magnetized as to stop them, and render it 
necessary to remove all the steel work. The gentlemen them¬ 
selves were, without exception uninjured, owing doubtless to 


* With additional facts selected by the editors from the full account pub¬ 
lished in Liverpool, May 12,1827, and quoted in the New York Spectator, 
JtltiO 30,1827— Siltiman’s Journal 
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the non-conducting properties of the beds upon which they 
were sleeping. AV the time the ship was struck, the lightuing 
conductor Jwul not been put up; but it was immediately alter 
the accident raised to the main-royal-mast head. 

The conductor consisted of an iron-chain with links one 
fourth t of an inch thick and two feet, long, turned into hooks 
at each end; at the top it ended in an iron rod half an inch thick 
and four feet long, having a polished point and rising two foot 
above the mast head; the chain.descended down over the 
quarter, and being pushed out from the ship’s side, about ten 
feet bv an oar, descended a few loot below the surface of the 
water. 

Near two o’clock, I\ M. it was observed that only four 
seconds intervened between the lightning and the thunder. 
At two o’clock there was a simultaneous flash and a shock like; 
that in the morning; passengers in the cabin saw the appear¬ 
ance of a ball of lire darting before them while the glass in 
the round house came rattling down. To those on deck the 
ship appeared to be in a blaze, so vhidwas the flash which 
they saw distinctly darting down the conductor and agitating 
the water. All parts of the ship as before were filled with 
smoke smelling of sulphur. Although the conductor was of 
the size which I)r. Franklin thought suflicient to sustain the 
severest shock of lightning without injury, yet it was literally 
torn to pieces and scattered to the winds, while it saved the 
ship. The pointed rod at the top of the, conductor being 
fused, was shortened several inches and covered over with a 
dark coating; some of the links of the. chain had been snapped 
off and others melted.* 

The shock affected the polarity of all the compasses on 
board, causing them to vary from the true point and to range 
between each other, but they gradually returned within three 
points •€ truth. The chronometer of Captain Dennett, the 
commander of the ship which did not usually vary more than 
three seconds in crossing the Atlantic, was noW quite out of 
time; it had gained lor a considerable period seven-tenths of 
a second (in ‘24 hours,) and being Dm. 4‘2s. slow of Green¬ 
wich time when the vessel left New York, was found at 
Liverpool to be ‘24m. 33s. fast of Greenwich, making a 
difference of 34m. 15s. 

Three gold lever watches belonging to gentlemen passengers 
became so magnetized as to require that the principle, part of 


• it is said that the same thins once happened in a Dntch church in 
New York; a chain connected with the clock waa melted and probably 
aavad the church. 
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the steel work should be removed. These psjrts had become 
true loadstones acting as magnets. It is irf our recollection 
also that in other accounts published at the time it was stated 
that the knives and forks and other articles of steel and iron 
became magnetized. Happily no person was killed, although 
several were knocked down and more or less injured, , 

Remarks .—In consequence of receiving the notice^ com¬ 
municated by Mr. llich, we have been induced to republish 
the principal facts in the case of the packet ship New York, 
although the events happened twelve years ago. The case 
was so remarkable, that the results ought to be preserved as 
part of the permanent records of science. 

No case could more decisively prove the importance of con¬ 
ductors. Had the ship been furnished with the iron chain and 
rod at the moment of the first stroke it is almost certain that 
she would have escaped with little or no injury. Had the top¬ 
mast which was then shivered (its stout iron bands two or three 
inches broad and half an inch thick being hurst asunder) 
been protected, there can be no doubt that the* lightning 
would have shot down the conductor, saved the mast, and 
passed harmlessly into the sea. This was decisively proved in 
the second ease, when the ship was again struck at two 
o’clock, P. M. 

Her iron chain was then up, and the pointed iron rod 
ascended two feet above the highest topmast. She appears to 
have been enveloped in a condensed electrical atmosphere; 
the clouds being so low that the flash and explosion were 
simultaneous; and had there been no conductor, the second 
stroke, which appears to have been move powerful than the 
first, might have priced fatal to many of those on board. The 
discharge which the conductor received seems to have been more 
than it was able to convey away; lienee some yf the people 
were prostrated although not killed; they were evidently 
affected mechanically by the explosion, and electrically by the 
all-pervading electrical atmosphere around, but nop being made 
part of the chain of discharge they escaped with little harm. 
The conductor was melted at the top and glazed, doubtless 
with.vitrified oxide, and the chain exploded in fragments all 
about the ship. This proves that the conductor, although it 
preserved the ship, was not perfect in construction or sufficient 
in size. 

Hooks and chains are objectionable because the continuity 
of communication is interrupted by the intervening films of 


Of which 


in this Journal, Vol. xxi, p. 341. 




375 


By Mr. Charles Rich. 

air, It were much better to adopt the rope made of twisted 
copper win* It hnight be made of any desired size, and 
having perfect continuity, there would* be no interruption to 
the passage of the electricity. Being perfectly flexible, it 
might easily be coiled and stowed away like any of the rig¬ 
ging, ajid it would adapt itself to any flexion of the spars and 
masts. * It should be terminated above by a solid pointed con¬ 
ductor of copper or iron. Such a protection as this wc am 
hardly doubt would prove sufficient, although in the case of 
very long ships it might be proper to have more than one con¬ 
ductor. In steam sliips there is an additional protection de¬ 
rived from their vast metallic apparatus which by its com¬ 
munication with the water affords the best possible channel of 
discharge. 

It is true that some years ago an explosion occurred in 
Charleston harbour, in the boiler of the Savannah steam 
packet, from her being struck by lightning; caused possibly 
by the sudden expansion of the steam already generated, or 
the sudden generation of more steam by the intense heat. In 
conversation with the late Mr. Samuel Howard in whose 
charge the boat was at the time, he distinctly attributed the 
explosion to the lightning.* 

In the case of steam ships it may therefore be prudent to 
pass the conductor directly into the water and not to the 
boilers or other metallic apparatus; although we should hardly 
expect any mischief, especially in the Atlantic steamers, 
whose amount of conducting surface is so prodigious. Every 
thing however goes to prove that all ships, especially ships 
for passengers where the risk of life may he great, should 
be provided with the best metallic conductors. 

Another fact which is remarkable in the case of the packet 
ship New Yojk, is the energetic magnetism that attended the 
lightning; chronometers, common watches, and compass, 
needles being all (by the lightning) rendered erratic and dan¬ 
gerous guides, no longer to be relied on. We*conceive that 
good conductors would probably prevent or greasy mitigate 
even these effects; but as it may not be possible entirely to 
shun the effects of electricity, and as it is of the utmost impor¬ 
tance'that the compass-needle should always be correct, we 
venture to suggest a remedy. 

Let every ship be provided with a small calorimotor and the 
appendages of helix-wires, acids, &c. With this apparatus 
the needles could be instantly restored or new ones (unmag- 

► He wa* a' gentleman of uncommon intelligence and good judgment Sbh E». 
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netized and carried for the purpose) may be magnetized with 
certainty and with all requisite energy and dispatch. Practical 
directions can easily be given if desired. 

New Haven, September 9, 1831).—Eos. 


LIII. On a remarkable property of Electrical Tension ; By 
Christian Doppler, Professor of Mathematics at the 
Polytechnic Institute of Prague. From the Zeitschrift fur 
Physik, &c., Vol. V, PaYt 8 t p. 342. Vienna , 1837. 

Marked and decided as has of late been, thanks to the 
researches of the first philosophers of the day, our progress in 
all the branches of electrical science, and active as their 
endeavors have been to add further facts to those we are already 
in possession of with respect to the reciprocal action of electric 
currents on each Other or upon magnets, or, inversely, the 
influence of the latter on electrical currents, yet, wc are never¬ 
theless, forced to confess, that the insight which wc have 
gained into the essential nature of this mysterious fluid, has 
by no means kept pace with our progress in other respects. 

And however remote our hope may be of seeing tills por¬ 
tion of natural science worked out in the satisfactory manner 
that others have been, yet we cannot but assent to the impor¬ 
tance, and indeed the ultimate necessity, of entering upon the 
enquiry : and consequently, every effort we make and every 
fact wc can adduce, tending, even indirectly, to further the 
investigation, is worthy of attention. 

Bearing this in mind, I do not hesitate to make known the 
results of an experiment, which, should its truth be borne out 
by subsequent observers, may possibly lead to inferences of 
some importance. 

Some years ago, on the occasion of my publishing an 
essay upon the kindred subject of the probable dbuSes of 
electrical excitation,* I was led to the conclusion, that 
wherever there is a case of electrical tension there must 
of necessity occur a changeHn the shape of the electrified 
body; and therefore, that on submitting a metal rod to such 
tension it must necessarily contract. To test the truth of 
this inference, the following experiments! were instituted 
alternately. A brass tube of about three feet long, and like- 


* See Jahrbiielier des k. k- polytech t Institutes 2 u Wien. vol. 17. 

f They were performed at the Polytech: Institute at Vienna, about five 
ycara ago, with the aid of the Comparator, on instrument admirably calculated 
for such delicate measurements. 
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wise a solid bar of similar length, but not near so thick as the 
former, was- laid Vipon insulating supports between the two 
feelers of a very sensitive arrangement of levers of contact, 
being however kept out of contact with them, by the inser¬ 
tion of strips of glass of suitable thickness. 

N ow, immediately on receiving even a moderate charge of 
electricity, the index of the lever of contact began to move 
perceptibly, and to indicate that a gradual contraction of the 
bar was taking place, and this motion augmented so rapidly 
as the tension increased that, in ‘order to enable the eye to 
follow the range of the index with greater facility, it became 
necessary to substitute a simple lover of contact, for the com¬ 
pound one which was at first employed. Every time the elec¬ 
tric spark was drawn from the bar, or even* time that it 
spontaneously discharged itself, the instantaneous recoil of 
the index of the lever, indicated the restoration of the original 
length of the metal; from which, however, there was again 
a transition to contraction, immediately the state of tension 
was renewed. 

These experiments were repeated several times, and always 
with the same results, with however this difference, namely, 
that the contraction when the tube was employed was, pro¬ 
bably on account of its greater extent of surface, much more 
marked than when the bar was used. 'These results are the 
more surprising, inasmuch as on account of the gradual in¬ 
crease of temperature, (for in these preliminary experiments, 
a single pair of galvanic elements was also used,) we should 
rather have looked for an expansion of the metal. 

Now, though at the time of performing these experiments, I 
had reason to rest satisfied with having completely established 
what I had in view ; yet, I now feel convinced from having 
subsequently v thought thu subject over, that* the results then 
obtained bear out certain inferences not perhaps altogether 
unimportant respecting the constitution and actual nature of 
the electric fluid. Nothing but the idea however, that this 
problematic phenomenon may be looked on by other experi¬ 
menters as of sufficient importance, to have its existence 
completely established or disproved, by a repetition of my 
experiment, could induce mo to lay it thus before the public, 
in a state so imperfect in many respects. And though for 
the present, that is to say, till it is established as an indis¬ 
putable fact, I very properly refrain from expressing an 
opinion on the subject; -yet I trust I may be permitted to 
subjoin a remark or two, and to allude, in passing, to an appli¬ 
cation of which, this new property of electrical tension is 
perhaps susceptible, 
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Simply putting this property of electrical tension beyond a 
doubt by careful and accurate experiments, would certainly— 
as far as it went, be a«step in science; but the subject would 
gain additional interest, if in the investigation regard, was at 
the same time, paid not only to the length, but also to the shape 
and other qualities of the conductor, semi-conductor, pr non¬ 
conductor. For in point of fact, it is by no mcaus improbable 
that a contraction which is considerable enough to be measured 
and expressed in numbers, will turn out to be proportional to 
the length of bars of similar form, but that its amount will vary 
with the different metals employed. And this result may be 
especially anticipated in the case of such metals as indicate 
opposite states of electricity, as for instance, copper and zinc. 
It, would, in fine, be well to enquire whether the same identi¬ 
cal bar charged to an equal amount of tension, as indicated 
by the electrometer, first positively and then negatively, would 
indicate precisely the same amount of contraction. 

Now should this power of electrical tension to contract 
metal rods so considerably (a fact of which, as matters now 
now stand, I cannot entertain a doubt,) be really borne out 
by further experiments; the idea of having recourse to it 
for the construction of an electrometer on a new principle, 
suggests itself readily enough. Without entering into a 
discussion as to the best arrangement for such an instrument, 
I may be permitted to observe that probably .any thin strip of 
metal, one of whose sides is covered with an elastic non-con¬ 
ductor ; as for instance, a coat of elastic varnish, would, on 
being coiled up into a conical spiral, probably answer the 
purpose very well. One of its ends would have to earry an 
index, as is the cawith a metalic thermometer, or would be 
made to communicate its motion to a lever. 

The amount cf contraction thus placed at our disposal and 
which, all things considered, is by no mcaus inconsiderable, 
justifies the presumption that such an arrangement would 
furnish us with a very sensitive electrometer. 

It will not perhaps be thought two much if in concluding 
this short ‘communication, I express the hope that other 
observers will consider this phenomenon worthy of further 
notice and examination. 

JULIAN GUGGSWOUTII. 

Wormwood Scrubs, 18th April, 1839. 
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LIV .—On the Vindicating Electricity of Compact Solid 
r < ’* Insulating Strata.* 

The first phenomena that have ''been observed with 
regard to the vindicating electricity of compact, insulating 
strata, were those, a notice of which was sent by the father 
Jesuits t at Pekin, to the academy of St. Petersburg, in the 
year 1755, and which may be read in the 7th volume of the 
new commentaries of this academy. Signor Syinmcr in his 
third Memorial, which was read ( in the Royal Society of 
London, the 20th of December, 1750, says he charged two 
thin sheets of glass, joined together by their naked surfaces, 
and externally coated; when the charge was completed, he 
took the upper plate, by two of its angles, and when he 
raised it, he saw that the under plate stuck to it, and re¬ 
mained suspended to it; when he had discharged the plates, 
the adhesion ceased. He recharged the two plates, then 
havitig inverted them when thus united, he made the plate 
that communicated at first with the chain, communicate now 
with the ground, and that which communicated with the 
ground, communicate with the chain ; when lie found that 
after the electrization had, in this state of things, been 
continued a certain time, all adhesion ceased. Using after¬ 
wards two plates coated on both their contiguous surfaces, ho 
found that no adhesion took place. Signor Symmer makes 
use of these two experiments in order to confute the theory 
advanced by certain philosophers, of two electric fluids, the 
one affluent, the other effluent.; he pretends that each of the 
two distinct united glasses may be considered as the one of 
the surfaces of a single plate; that one the glasses is im¬ 
pregnated with an electricity of one kind, and the other glass 
with an electricity of another kind; he moreover is of opinion 
that the adhesion of the two naked plates of glass is a de- 
monstro&ig proof of the existence of two antagonist forces. 

Signor Cigna, in the fourth chapter of his dissertation, 
carried still farther the experiment of the fathers of Pekin, 
and of Signor Symmer. He relates that two naked glasses, 
by rubbing the upper surface of them, remained united, both 
to each other, and to the gilt paper, or the sheet of lead, on 
which they were placed; that in this state they gave no sign 
of electricity; that if they were then separated from the 
paper, or the lead, they manifested on their two external 
surfaces the same kinds of electricity; that if the paper or 
lead was again joined to the glasses, the electric signs again 
ceased; that if the paper, or lead, was kept parted from the 
glasses by means of a silk ribbon, the paper or lead manifested 
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an electricity contrary to that of the glasses; that if the 
glasses were likewise kept separated from each'other, they 
also manifest eontrary*electricities. 

I do not propose to repeat all the numerous experi¬ 
ments which I related in my book iutitlcd, Observations 
atque experimenta quibus electricitas vindex late cons^ituitor 
et explicatin'. I am actually employed in promoting my 
enquiries on this subject, anu if I meet with some success, 
I propose to publish what discoveries I shall be able to make. 
Mean while I shall only repeat in this place, the experiment 
which is made with the two plates, All, a 6, M N, m n, 
(PI. IX. fig. 1.) jointly charged, and I shall express the 
successive effects of the vindicating electricity in this experi¬ 
ment with the figure 2. 

And first, in order to perceive the unity which really 
takes place in all tire phenomena of the vindicating electricity, 
however contrary to each other some of them may appear, it 
must be observed, I. That the law of the vindicating elec¬ 
tricity of compact insulating strata, for instance, plates of 
crystal, is the same with the law of the vindicating electricity 
of rare insulating bodies, for instance, silk ribbons.* II. That 
the whole specific, difference between them lies in the former 
being capable of a charge, which the latter are not. III. 
Thence it results that the alterations of electricities, which 
are readily affected with bodies of a rare texture, by disjoining 
and rejoining them, and not so with compact insulating strata; 
such alterations arc confined to those surfaces of the latter 
which are kept joined together by the contrary electricities 
of the other two.. surfaces, which constantly endeavour to 
preserve their contrariety to each other , and their equality 
with the electricity of the surfaces which are. united together. 

For instance,' I. Two ribbons contrarily electrified, when 
they unite together, reciprocally destroy their electricities, 
and thus remain adherent. After the same manner, if two plates 
A B a b, M*N m w, arc joined by their respective surfaces, 
a b, MN. contrarily electrified (I suppose the surface A B 
to be positively electrified, and the opposite a b, negatively ; 
therefore M N is positively electrified, m n , negatively) 
these two contrary electricities will endeavour to destroy each 
other; the redundant fire in M N will endeavour to diffuse 
itself into a b , and fill up its deficiency j but this reciprocal 
suppression of electricities cannot be effected otherwise than 
by a joint annihilation of the .excess in A B, and of the 
deficiency in m n ; therefore, in consequence of the impene¬ 
trability of the plates, some external communication becomes 


* Storaria gives n chapter on rare initiating bodies, in the tame w<jrk.— Edito*. 
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necessary; and .this will no sooner be procured, than the 
excess of M> N will diffuse itself into a b , when the electricity 
of the two surfaces a b , M N, will b« annihilated after the 
same manner as the electricities of the two ribbons were 
before. 

Again, the two ribbons, when they are separating, freely 
recover their electricity, which they had readily lost jvhon they 
joined; and in the same manner, the two plates M N in n 
A B a b, in the instant they are separating, endeavor to 
recover on their surfaces a &, M N, the electricity they have 
lost in consequence of their union together, and of the com¬ 
munication of their external surfaces. Yet it is to be 
observed that the surface M N, in its endeavor to recover 
its excess, is restrained by the difficulty which the insulated 
opposed surface m n, experiences in dismissing an adequate 
part of its own fire; and the surface a b likewise, in its endea¬ 
vour to recover its deficiency, is restiained by the difficulty 
which the opposite surface A B experiences in recovering an 
adequate excess; whence it happens that the two disjoined 
plates,—I. Manifest electricities reciprocally contrary; II. 
Similar electricities take place over the two opposite surfaces 
of the same plate; III. And this electricity is of the same 
kind as that recovered by the disjoined surface. 

The reason is, that in disjoining the two surfaces, a. h M N, 
I. The the surface M N, ,l>y endeavouring to recover its 
former excess, endeavors at the same time to drive away a 
quantity of natural fire from the opposed surface m n. Now, 
as the latter remains insulated, it cannot transfuse any fire 
into the ground, neither can it accumulate any witliiu its coat¬ 
ing c d; it therefore must accumulate it oii the open surface 
of this coating, against the contiguous air; so that there will 
result an excessive tension in the natural firo of the ambient 
air, andredundant atmosphere around m n. II. Likewise, 
in the'act of the same separation, the surface a 6, in endea¬ 
vouring to resume its former dcffieicncy, drawsy according to 
the Franklinian theory, certain quantity of redundant fire, 
to the opposite surface A B: now, as this surface remains 
insulated, it cannot derive this fire from the ground, neither 
can it draw it from the internal substance of its own coating; 
it must then draw it from the outer surface of this coating, 
that is, from the surface of the contiguous air (if before se¬ 
parating the plates, the coatings are taken off, the experiment 
■will equally succeed). Therefore, a particular relaxation 
will arise in the natural fire J of the air around the plate A B; 
there will result a deficient atmosphere. 

This explanation how the atmospheres arise, which take 
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J >lace over the surfaces opposite to those which are disjoining, 
ikewise suffices to explain the singular eircidnstainje of similar 
electricities arising over opposite surfaces of the same plates. 
If while the two plates A 13 a b, M N m n are separating, two 
sharp points are kept presented to their external surfaces, the 
brush appears on the point directed to A B, and the # star on 
the other, which is directed to m n: the same force* which, 
when the points are presenting, draws a brush to A B, and 
drives the fire that forms another brush from m n, this same 
cause I say, when these t\fo surfaces remain insulated, draws 
to A B the natural fire of the contiguous air, creating a 
deficient atmosphere over it, and throws excessive fire from 
n wi, into the air contiguous to it, raising in it a redundant 
atmosphere. 

That afterwards, over the external surfaces correspondent 
to a b, M N, when ,thcy are separating, atmospheres arise that 
are homologous to the electricity which these surfaces recover, 
is what appears natural, when wo consider, that the latter 
surfaces resume , by virtue of their separation , greater 
electricities than those which can possibly be raised on the 
opposite surfaces , which are insulated. This principle being 
admitted, it follows that if the surface M ISi, cannot drive 
from the opposite surface ?»», a quantity of fire sufficient to 
produce in it a deficiency equal to the excess recovered by the 
same M N, it follows, I say, that a portion of this excess 
must flow outward, against the contiguous air, and there pro¬ 
duce a a redundant atmosphere. Likewise, if the Surface 
A B cannot draw to itself a quantity of fire sufficient to produce 
in it an excess equal to the deficiency recovered by a /#, it 
follows that this A*B must, from the air contiguous to it, draw 
a certain quantity of fire, and thus produce a deficient atmos¬ 
phere over itself* That is to say, the excess Redundant in, 
and flowing of, N M, against the air contiguous to it, ipso facto 
lessens the excess in this M N, and thus brings it to“a state 
of less inequality with respect to the deficiency actuated in 
m n ; and the fire which from the contiguous air flows into 
A B, ipso facto lessens the deficiency in it, and thus brings 
it to a state of less unequality with regard to the excess in u b. 

These explanations of the vindicating electricities of two 
plates, may be demonstrated by the experiment in which, 
after jointly chargiug and discharging them, I continue for an 
hour and more to obtain sparks by touching them when separ¬ 
ated, and again touching them when rejoined; and reciprocally, 
the above explanations throw a complete light on that same 
experiment, which I never could repeat without exciting the 
wonder of those who were unacquainted with electrical 
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operations, and attracting the attention of the Philosophers 
who came Uo sctj my experiments. I join the two plates 
A B a b, M N m n together, by their naked surfaces in 
contact with each other; and then introduce into the coating 
U D, for instance, the electricity of the chain; the charge 
completed, I discharge them; this done, I separate them, and 
toucti tfie coatings; I join them again, and then again touch 
them; and thus doing, I continue to excite a very long series 
of sparks: here follows the manner after which Ioperate. 

I begin with exciting sparks frofn the coating alone of the 
upper plate ; that is to say—I. 1 continually touch with one 
of my lingers the under coating c d. II. When I separate 
the plate All, 1 take care not to touch its coating C 1). 
III. Having separated this plate, I immediately touch it, and 
give a spark to it; that is to say, I give to A II an excess 
adequate to the deiiciency contracted by a b, at the instant of 
the separation. IV. I cease touching A 11; I rejoin the two 
plates, and touch again C 1), and draw sparks from it; by 
means of which 1 draw oil* the excels I communicated to 
A B after the lftat separation, and which it does no longer 
require, when in a state of conjunction. V. Proceeding thus, 
with the usual caution, not to touch the coatings in the act of 
separating, or of rejoining the plates, 1 continue to givq sparks 
after every separation, and Lake them back after rejoining the 
plates. 

In general the spavk which I draw after rejoining the plates, 
is more divided than that which I gave after separating them. 
In very favourable weather, after separating the plates, I 
often draw two or more successive sparks; but after re¬ 
joining them, the fire that leaps from iny finger is completely 
united into one spark, and.much more vivid. 

In order to understand the reason of thirf difference, we 
must consider—I. That the fire which flies from a b, in con¬ 
sequence of the deficiency which now takes place in it, goes 
to M N in order to form the excess which this M N wants; 
therefore as an excess arises in A B, in consequence of my 
touching it at times, so a deficiency arises in to », in conse¬ 
quence of its constant communication with my hand. II* 
When 1 rejoin tlie two plates, the excess I have introduced 
into A B cannot be annihilated but so far as the excess in 
M N runs to fill the deficiency in a b; and the excess in MN 
does not depart, but when 1 give fire to m n , in order to fill 
its deficiency. III. In fact, if, while I rejoin the plates, 1 
keep my fingers at a distanc.6 from to n (or its coating c d) 
then I cannot draw from A B the excess I introduced into it; 
because as I do not then fill the deficiency in m n, the excess 



384 


On electricity. 

cannot be atmihiiated in M N, nor the deficiency in a b sup¬ 
plied. IV. However, when I touch m tf (or #rf) while I 
I rejoin the plates, the excess of A B is not for all that thrown 
out at once, because the surfaces a b M N, do not instanta¬ 
neously touch each other in all their parts; hence a slowness 
and successiveness take place in all the respective annihilations 
of the excess in M N, of the deficiency in a b, and of the 
excess in AB. V. But when after separating the plates I 
present my finger to C D, or (A B) the excess is at once 
thrown to it from my finger, owing to the violence which the 
whole A B then wants an excess adequate to the deficiency 
then completely formed in a b. 

Conformably to what has been said above, we must take 
care that every time that the plates are joined, they be 
pressed together for some few seconds of time, in order that 
the small charges which have been formed by the separation, 
may have time both to dissipate entirely, and to arise again 
with more strength, when the separation will be again effected. 

1. If after touching the plates when rejoined, they are 
again disjoined without drawing a spark, and then rejoined no 
spark will be thrown from A B, because it has in such case, 
received no fire. II. If after touching the plates when sepa¬ 
rated, they are rejoined, then disjoined again, without pre¬ 
viously drawing a spark, A B then receives no spark, because 
it has given none at the time of its last joining with the other 
plate; so true it is that insulating bodies conlrarily electri¬ 
fied, are disposed, when they join together mutually to anni¬ 
hilate their reciprocal electricities, as welt as to recover them 
again, when they are separated. 

I have hitherto*,' in the experiment of the two plates, only 
examined that kind of electricity which is common both to 
compact insulating bodies, and to those of a rarer texture : I 
mean that kind of electricity, by virtue of which they recover, 
when separated, the electricity which they had lost by their 
being joined* together, and which I call positive vindicating 
electricity. Now, I shall in the same experiment, examine 
that kind of vindicating electricity which is proper to compact 
insulating bodies, 'and by virtue of which , when they cure 
separating from one another, they give ' up the electricity 
with which they had been impregnated; this l call negative 
vindicating electricity. 

Having therefore jointly charged the two plates A B ah, 
MNffl n, I begin tne operation of successively disjoining and 
rejoining them : in order to efftfct this more easily, I clip one 
of the angles of one of the plates; and then I Observe, I. 
That the plates, when they are disjoining, manifest signs of a 
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negative vindicating electricity. II. They afterwards reach 
to the last 1 Units of this electricity. Ill/ Then successh el y 
follow, for a very long space of time, t» give signs of a posi¬ 
tive vindicating electricity. That is to say, I. At first, the 
surfaces a 6 , M N, when they are separating, lose a part of 
the electricity with which they are impregnated. II. Then 
they reach a certain term at which they do not, notwithstand¬ 
ing they are again separated, lose any more of the electricity 
which remains in them, nor recover any portion of that which 
they gave up when the negative vihdieating electricity began 
to act, or even afterwards when the positive vindicating elec 
tricity began to take place. 

In the meanwhile, the similarity of the atmospheres that 
take place over the two surfaces of the same plate, both when 
the positive vindicating electricity, and the negative one ob¬ 
tain, though it has been looked upon as fatal to the Frank- 
Jinian theory, really proceeds from the following principle, 
which is the foundation of this theory, which is, that the con¬ 
trary electricities of plates, which by virtue of the separation 
of the latter , are become unequal oh each opposite surface , 
severally endeavour to return to a state of equality ; that is to 
say , that electricity on the one of the two surfaces , which 
the separation, has caused to have grown less , endeavours to 
lessen the electricity on. the other surface ; and vice, versa , 
that electricity which , in consequence cf the separation , is 
become superior to its opposite one, tends to increase the latter. 

Therefore, when I at first begin to separate the two plates 
A B a b, M N m n, the excess of M N and the deficiency of 
a b endeavour mutually to lessen each other; but the other 
two surfaces A b, m n, being insulated, their respective excess 
and deficiency are not altered ; that is to say, the excessive fire 
is, as it were, drawn from M N into a b ; the deficiency in a b, 
thus became lt»ss than the excess in A 15, and endeavours to 
lessen IT; it therefore drives a portion of this excess in A li, 
against the air contiguous to it, and thus creates the redundant 
atmosphere over A 15: and reciprocally, the excess in A 15 
being now greater than the deficiency in a b, endeavours to 
increase it; it drives a part of the fire remaining in this a b, 
into the air contiguous to it, and raises over it a redundant 
atmosphere. Likewise, the excess in M N being become less 
than the deficiency in m n, endeavours to lessen it, it draws 
fire into m n from the air contiguous to it, and thus renders its 
atmosphere still more deficient; and reciprocally, the defi¬ 
ciency in m n, being greater'than the excess in M N, endea¬ 
vours to draw fire into the latter, from the air contiguous to it, 
and thus raises a deficient atmosphere over it. 

Vol. IV_No. 22 , March, 1840. D u 
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On the other hand, 'when after the risp of the positive 
vindicating electricity, 1 again separate tne plates, both the 
excess in M N, and 1 the deficiency in a b , continue to be 
reproduced, though the contrary correspondent electricities 
cannot arise on the surfaces A B, m n, which remain insulated: 
therefore the greater deficiency in a b, endeavours to increase 
the lesser excess in A JB, by drawing the natural fire from the 
contiguous air into it, and thus raises over A B a deficient 
atmosphere; and reciprocally, the less excess in A B endea¬ 
vours to lessen the deficiency in a b ; to that end it draws fire 
into it from the air contiguous to it, and thus raises over it a 
deficient atmosphere. Likewise, the greater excess in M N 
endeavours to increase the deficiency in in w, driving its fire 
from it into the air contiguous to it, whence results a redun¬ 
dant atmosphere over m n ; and reciprocally, tlje less de r 
ficiency in m n endeavours to lessen the excess in M N ; to 
that end it drives a part of the latter’s redundant fire into the 
air contiguous to it, and thus raises a redundant atmosphere 
over it. 

Conformably to these principles. I. When I,separate the 
plates A B a A, M N m w, for the first time after their being 
charged, they resist so much the separation, that there is great 
danger in breaking them. II. From the coating C D a 
strong spark leaps to the nearest finger of that of my hands 
which holds the plate A B a b } and the edge of its coating 
C D appears all round sparkling with very vivid brushes: all 
this demonstrates to me that a diminution of the excess of 
A B takes place, at the instant when the dificiency of a b is 
forcibly lessened. III. Likewise, in the act of the same 
separation, a strong spark flies from the finger with which I 
hold the plate MNwn, to it coating c d, and its edge appears 
all round shining with vivid sparks; this manifests to me that 
a diminution of the deficiency of in n, is effected at*the same 
time that the excess of M N is forcibly lessened. Mean¬ 
while, the flashes of light which appear between the surfaces 
a b, M N ? while they are separating, are produced by the fire 
which, by virtue both of the excess in A B which remains 
superior to the deficiency in a b, and of the deficiency in rn n, 
which remains superior to the excess in M N, endeavours to 
leap from the above ab into M N. V. In this state of things, 
the upper plate A B ab repels the white ribbon from both 
its surfaces; over which, as nas been explained in the preced¬ 
ing paragraph, similar redundant electricities take place. 
VI. On the contrary, the under plate, M N m », repels a 
black ribbon from both its surfaces, by virtue of the deficient 
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atmosphere, which as hath been also explained, takes place 
over both itk surfaces. 

The plates being joined again, the intensity of these attrac¬ 
tions and repulsions lessen; because the excess of M N, and 
the deficiency of a b are now respectively kept back by the 
external deficiency of m w, and the external redundancy of 
A 13. ‘The adhesion of the plates takes place again, but in a 
less degree than formerly, proportionably to the diminution 
which the original charge has suffered from the first separa¬ 
tion ; and by proceeding to a second separation, the same 
phenomena continue to take place by virtue of the same causes 
as formerly, though their intensity is proportionably lessened. 

Continuing thus to join and separate the plates, we pretty 
soon attain a term at which, I. The plates cease to manifest 
any sensible adhesion, II. In separating them no light ap¬ 
pears. III. After the separation, they do not sensibly draw 
or attract rubbed ribbons. This term is the point of tnc con¬ 
trary inflexion, the limit between the negative vindicating 
electricity which takes place at first, and the possitive one 
which succeeds to it. This term is sooner attained, according 
as the insulation of the plates is less complete: in this case 
one plate sometimes reaches to this term a little before the 
other, which still continues to draw and repel ribbons with a 
sensible degree of force. Lastly, this term is attained, before 
the effect of the separations has entirely annihilated the charge 
introduced at first into the plates. In fact, if they are rejoined 
immediately after the term is passed, they still give pretty 
strong shocks. 

If, after the term is passed, the plates, are successively 
joined and separated, but without touching them; they begin, 
by virtue of these successive separations, to recover their 
former electricities: that is, the surface a b of the plate A 13 
a 6, begins to recover a part of what deficiency it had at first, 
and the surface M N, begins to recover also a part of what ex¬ 
cess it may have lost. Whence it happCVis that, after the 
separation, the deficiency of a b, being- become greater, en¬ 
deavours to increase the excess of A B, by drawing into it 
the natural fire of the air contiguous to it; and reciprocally, 
£he excess of A B, being less than the deficiency a b endea¬ 
vours to lessen it, by drawing into the same a b , the natural 
fire of the air contiguous to it; so that a b and A Bjthen be¬ 
gin to repel the black ribbon. Likewise the excess of M N, 
being become greater than* the deficiency in m », endeavours 
to increase it, by driving the fire of m n into the air contigu¬ 
ous to it; and reciprocally, the deficiency of mu, being less 
than the excess of M N, endeavours to diminish it, bvdiiung 
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the fire of M N into the contiguous air, whence M N and m n 
begin to repel the white ribbon. And thus the negative vin¬ 
dicating electricity becomes changed into a positive vindicat¬ 
ing electricity. 

By continuing thus to rejoin and disjoin the plates, those 
portions of electricity that had been lost are pretty .quickly 
recovered on all sides, by virtue of these successive Separa¬ 
tions ; the adhesion of the plates, and the repulsion of the 
ribbons also increase in proportion; so that it appears that all 
these phenomena of the positive vindicating electricity , con¬ 
tinue till that degree is attained, at which the charges that had 
been introduced are annihilated. 

Beyond this term, if the plates are continued to be re¬ 
joined and disjoined, for an whole hour or more, without 
being touched, they continue to shew some adhesion to each 
other; they continue when separated, to repel ribbons con¬ 
formably to the kind of electricity which they have resumed on 
their internal surfaces, &c. 

I have represented in the fig. 2. of the PL IX. the series of 
the above alterations of the vindicating electricity. Now I 
shall make use of this figure, in order to explain the 
vindicating electricity of the plate M N m n,. (PI. IX. 
fig. 1.) The same explanation will serve for the electricity of 
its fellow-plate; only, the ordinates must be taken on the 
other side of the absciss. Let the two equal right lines O F, 
o F represent the excess introduced into M N by the charge, 
and the deficiency introduced into m n . On the first separa¬ 
tion of the plates, M N will, for instance, lose the portion u F 
of its excess : therefore, it will in consequence of this separa¬ 
tion appear negatively electrified over both its surfaces; the 
plates being joined again, it will recover part of its former ex¬ 
cess, and will thus he brought to have then the whole of its 
excess equal to P G. In consequence of a new separation, 
a portion x G of the same excess will again he lost; fed thus 
it will at lasfchappen, that M N will have that precise degree 
of excess at which a further separation can no < longer lessen 
it; so that H is the point at which the vindicating electricity 
begins to be altered, that is, from, negative becomes positive. 
At a following separation, byvirtue of Which the remaining ex¬ 
cess is already reduced to the less value 11,1, the plate, instead 
of continuing to lose any more of its excess, on the contrary 
begins to recover the portion of it 1 y. Hence, as the remain¬ 
ing excess from the charge, in M«N, is gradually reduced to 
to the less values K S in K, L* A in L, and o in M, the 
surface M IS gradually recovers greater portions of its 
former excess, K s, L z, M From that point afterwards 
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the surface M If, by virtue of other successive separations, 
will for a vbry long while continue to recover portions of its 
former excess, which (the operation being continued without 
touching the plates) will gradually vanish at every successive 
conjunction of the same. 

And. thus the portions of a curve O Q M, o q M, will, 
with tfieir^respective ordinate, express the excesses and de¬ 
ficiencies, both primitive and remaining, of M N and m n ; the 
portions of a curve u H e, V I1& V, will, with their ordi¬ 
nates, express as far as H, the negative vindicating electrici¬ 
ties, and beyond H, the positive vindicating electricities, of 
the surfaces M N, m n . The same portions of the curve 
which serve to express the degrees of positive and negative 
vindicating electricities that take place at every successive 
separation of the plates, will also serve to represent the pro¬ 
gression of the mutual adhesion of the plates, u F, U F will 
express the greatest degree of the adhesion of the plates, 
when they still retain their whole charge; w'liich value will 
gradually lessen conformably to the successive lessening ordi¬ 
nates, x G, X G; at the instant when the negative electri¬ 
city will take place, this value will bo o in II, that is, at the 
point, of the contrary inflexion; and thence it will continue 
quickly increasing, then very slowly decreasing, conformably 
to the successive ordinates, I y, I Y, K s, K S, L 2 , L Z, 
M M $•, &c. 

With respect to the experiments that are made on the vin¬ 
dicating electricity of a single plate A B ab (PI. IX. fig. 3.) 
by disjoining its coating C l), they differ much in point of in¬ 
tensity and duration, from the experiments that arc made with 
the two plates jointly charged. Of this difference the cause 
partly at least is manifest; in the separation of the two plates 
jointly charged, the vindicating electricities of the two sut- 
surf&cga*which are disjoining, co-operate together; and this 
circumstance must increase the effects, and better preserve 
the efficient causes; that is, the dispositions introduced by 
the charge of the plates, by virtue of which they endeavour to 
dismiss their respective electricities to a certain degree, and 
beyond this degree, to recover the same. 

With regard to the manner kfter which the same vindicat¬ 
ing electricities exert themselves, I observe, I. That positive 
vindicating electricities exert themselves after the same man¬ 
ner, when only one plate is used, and separated from its coat¬ 
ing, as when both are used, and successively separated from 
each other. II. Negative vindicating electricities also exert 
themselves after the same manner, if the charge introduced 
into the single plate is very weak, consisting for instance, of 
only two or three sparks from the first conductor; because the 
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charge which is usually introduced into the. joined plates, is 
likewise small, on account of the thickness of*the whole. 
III. But if the chargelintroduced in the single plate be much 
intense, then the phenomena which result from disjoining the 
coating of it, whde the plate retains its whole charge, are 
proportionably different from the phenomena which result from 
separating the two plates, when they only possess theft joint 
charge. * 

That is to say, each of the plates that retain their charge, 
manifests in consequence Of a separation, the same electricity 
on both its surfaces, with that of tl^p surface which is dis¬ 
joined ; but the plate which has been charged alone, and pos¬ 
sesses a considerable degree of charge, manifests that kind 
of electricity on the surface which is disjoined from its coatings, 
which is proper to that surface; and the contrary kind of 
electricity on the pthcr surface. Thus, if the single plate 
A B a b be strongly charged, positively in A B, and negatively 
in a b , it will, after the coating C D is taken off, repel a white 
ribbon from A B, and a black ribbon from a b. 

The reason of this is, that charges universally endeavour, 
with a force proportioned to their intensity, to grow gradually 
less; and this force counteracts the force with which they en¬ 
deavour to kepp their state of mutual equality, the force by 
which the single charged plate endeavours, when separated 
from its coating,* to actuate similar atmospheres in the air con¬ 
tiguous to its two surfaces. When I take off the coating C D 
from A B a b> which I suppose to be strongly charged, I 
lessen the electricity of A B ; therefore, by virtue of the force 
with which the two contrary electricities constantly endeavour 
to keep their state of equality, the deficiency in a b must 
lessen, and the excess in A B of course somewhat increase: 
as the electricity, on both surfaces strongly endeavours at the 
same time to grow less in consequence of its vfcry intensity, 
the deficiency in a b very strongly lessens by * the* united 
efficiency of tqe two above causes, and the excess of A B, even 
after the separation of its coating, will continue to decrease a 
little, in cohpequence of the lessening force, which arises from 
the intensity of its charge, and surpasses that which tends to 
an equality; thence, a certain quantity of fire flows from A B 
into thq contiguous air; but a & at the same time draws fire 
from the* air contiguous to it with very great force, and after 
this manner the above effects take place. 

1 have repeated the above observations from my above men-, 
tioned book on the vindicating electricity , find added some 
new ones, in order to throw some more light on the subject; 
with regard to the nature of the adhesion which accompanies 
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vindicating electricities, I shall only subjoin two trials I have 
made aboutit. The first is as follows; if two plates, either 
charged, or lately discharged, and wh.ich therefore strongly 
adhere to each other, are immersed into an extensive subtle 
dame, or, when taken from this flame, are suspended within a 
large ^lass bell, emptied of air they soon part from 
each other, The other experiment is that of disjoining 
bodies naturally joined, for instance, strata or sheets of talc, 
or of spato: no electricity at all arises from these bare sepa¬ 
rations. With respect to the cause of the vindicating electri¬ 
city, and of the adhesion that accompanies it, it certainly 
would, if discovered, throw a considerable light oil the pro¬ 
perties of insulating bodies, on the manner of their charges 
on the nature of electric atmospheres, and consequently on all 
the most striking phenomena of electricity, such as the brush 
the star, and the electrical motions. A-consideration this 
which is very apt both to excite us to investigate such cause, 
and restrain us from barely imagining it. 

L V .—Synoptic View of the precise amount of pure Carbon , 
yielded by the rigid analysis from the Charcoals of thirty 
principal known Woods; by W. F. Weekks, Esq., Surgeon. 
Lecturer on Philosophical and Operative Chemistry, &c, 
&c., Sandwich,* 

Some twelve years since l was induced from circumstances 
arising out of engagements iii the laboratory, to undertake a 
somewhat extensive series of experimental researches relative 
to gaseous, liquid and other products of numerous specimens 
of ligneous fibre, exotic as well as indigenous; subsequent to 
which course of enquiry, the charcoals of the respective 
woods were made the subject of extremly cautious analysis. 
From my minutes of the results theu obtained, 1 select thirty 
of the njincipal specimens, and have brought them into a 
tabular view, under the impression that it is a point of some 
importance to the chemist and man of general science, as well 
as to certain manufacturers and others, to possess a source 
of reference upon which may be placed unqualified reliance, as 
respects the per centage of pure carbon , generally present in 
the charcoals from various specimens of wood; though I am 
aware that some few results of this description have already 
been given to the scientific world, by analytical chemists of 
no small celebrity. I shall only further observe, that (he 
whole series of charcoals ‘was obtained by close distillation 
from woods cut down in their full vigour, and afterwards 
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gradually dried by exposure to the atmosphere. The follow¬ 
ing synopsis is arraimed in the order of their purity down¬ 
wards :— f 


CHARCOALS. , 

Amount of 
Pure Carbon 
in • 

100 grain*. 

Mulberry ..... 

99.50 
99,38 
99,05 

99. 

99- 
98,75 
98,75 
98,75 
98,75 1 

98,75 
98,75 ' 

98,10 ■ 

98.40 

98.25 
98,13 
98,13 

97.50 
97,50 
97,50 
97,50 

97.25 
90,88 
90,87 

96.25 
96,25 

96.25 

95, 

93,75- 

92.40 

86.25 

Chestnut..!....... 

Yew . 

Birch ....... 

Cherry ....... 

Box.... 

Made ...... 

Sycamore ..... 

Ash.. r ...... 

Cedar ...... 

Lime ...... 

Holly. 

Lignumvitae .... 

wTiiow . 

Beech ........ 

Pear ..... 

American Oak . 

Hawthorn .. 

Laburnum .. 

Poplar ..... 

/\lder .,.,- T . 

Evergreen Oak . ... 

Plum . ... .. 

Majinffiinv —. . . 

F.lni ... 

Apple . .. 

English Oak ....... 

Walnut ....... 

Ebonv.-. . 

Lancewood. .... 



Hence it will appear that between the two extremes of the 
table, mulberry and lancewood, independent of variations in 
the intermediate series, there exists a difference in purity 
amounting to 13,25 grains per cent.; and it may be further 
worthy of remark that, notwithstanding the striking want of 
miiformity in the external character of many woods, precisely 
the same amount of pure carbon appears to be essential to 
their constitution. 
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LVI ,—Oit Tornadoes and (Ersted's Memoirs respecting 

them. By Robert Hare, M. D. Professor of Chemistry, 

in the Pensylvanian University, Philadelphia. 

TO THE EDITORS OF THIS NATIONAL GAZETfE. 

Dear Sirs,—I believe it is generally admitted by electricians 
that the enormous discharges of the electric fluid, which, during 
thunder gusts, take place in the form of lightning, are the 
consequence of the opposite electrical states of an immense 
stratum of the atmosphere coated by the thunder clouds, and 
a corresponding portion of the terrestrial surface. In a memoir 
published in the 5th volume of the American Philosophical 
'Transactions, republished in Silliinan’s Journal, volume 32, 
for 1837, I had endeavoured to show that the tornado was 
the consequence of the same causes producing, in lieu of 
lightning, an electrical discharge by a vertical blast of air, and 
the upward motion of electrified bodies. In your Gazette of 
the 30th ult., you have re-published an article by the cele¬ 
brated (Erstcd in which it is alleged that tornadoes or water¬ 
spouts cannot be caused by electricity, because there is no 
evidence proving that persons exposed have experienced elec¬ 
trical shocks. To me it appears evident that the scientific 
author confounds the different processes of discharge to which 
I have alluded, the one occurring in thunder gusts, the other 
in tornadoes ; also that he has forgotten that a shock can be 
given neither by a blast of electrified air, nor by a continuous 
electrical current, a transient interruption of the circuit being 
indispensable to the production of the slightest sensation of 
that nature. If a person, having a conducting communication 
between one of his hands and a charged surface of a well in¬ 
sulated battery, hold in the other hand a pointed wire, the 
battery will be discharged through him and through the wire, 
produfcmg a blast of electrified air from the point, without his 
experiencing any shock; neither would a shock be given to any 
person by exposure to the blast thus produced. 

This form of electrical discharge to which I ascribe torna¬ 
does, in which electricity is conveyed from one surface to 
another by the motion of air or other moveable bodies inter¬ 
vening, is by Faraday designated as “ convection from the 
Latin “conveho,” to carry along with. 

In the comparatively minute experiments of electricians, the 
process of convective discharge, is exemplified not only by the 
electrified aerial blast, but likewise by the play of pith balls, 
the dance of puppets, or the vibration of a pendulum, or bell 
clapper. The passage of sparks is found to arrest or to check 
suen movements, and in like manner the passage of lightning 
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has been observed to mitigate the vertical fo$ce of a tornado. 

While a meteor of this kind, which passed over Providence 
last year, was crossing the river, the water, within an area of 
about three hundred feet in diameter, was found to rise up in 
a foam, 'as if boiling. Meanwhile two successive dashes of 
lightning occurring, the foam observed to subside after 
each flash. It Ls thus proved that a discharge by lightning is 
inconsistent with the discharge by convection, and that so far 
as one ensues, the other is impeded. 

In an account of a tremendous storm of the kind of which 
I have been treating, published in Silliman’s Journal for July 
last, it is mentioned, that, at its commencement, it was only 
a violent thunder gust. This is quite consistent with the 
experience acquired by means of our miniature experiments, 
in which a discharge, by sparks, may be succeeded by a dis¬ 
charge by convection, or vice versa, or they may prevail al¬ 
ternately. In one case the electric fluid passes in the gigantic 
sparks called lightning, in the other it is conveyed by a blast 
of electrified air. In the former case animals are subjected 
to deleterious shocks, while in the latter no other injury is 
sustained than such as results from collision with the air, or 
other ponderable bodies. 

In the case of the tornado, the vertical blast is accelerated 
by the difference between the pressure of the air at the earth’s 
surface, and at the altitude to which the blast extends. 
Should this be a mile there would be a difference nearly of 
one hundred and forty-four pounds per square foot. During 
the tremendous gale which prevailed at Liverpool last winter, 
the greatest pressure of the wind was estimated at only thirty 
pounds per square foot. So far as the ingenious inferences 
and observations of Mr. Epsy, as to the buoyancy resulting 
from a transfer cf heat from aqueous vapour to air hold good, 
the vertical force so alleged to arise, will co-operate to aid 
the influence of electric discharges by convection. 

The distinguished author of the memoir alluded to at the 
outset of this communication, conceives that were electricity 
the cause of tornadoes, the magnetic needle should be dis¬ 
turbed by them; and without advancing any proof that such 
disturbance does not take place, founds thus an objection to 
electrical agency. I conceive that it would be unreasonable 
to expect a magnetic needle to be affected by an electrified 
blast of air, if protected from its mechanical force. 

It has been shewn, by Faraday, that without peculiar 
management, tending to prolong The re-action, the most deli¬ 
cately suspended needle cannot be made to diverge in obe¬ 
dience to the most powerful discharges of mechanical elec¬ 
tricity. An electrical spark may impart a feeble magnetism. 
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but it is too rapi(M and transient to effect a needle. Moreover, 
when a neettle is at right angles to an electric current-, which 
would be quite competent to influence it, if parallel to it, 
there can be no consequent movement, since the current 
tends to keep it in that relative position. The direction of 
every electrical discharge, inducing a tornado, must neces¬ 
sarily be nearly at right angles to the needle, since it must 
be vertical, while the needle is necessarily horizontal, when 
so supported as to traverse with facility. 

I do not perceive any facts or suggestions in the article by 
CErsted, which are competent to render the phenomenon of 
which he treats more intelligible than it was rendered by the 
accurate survey and examination of the track of the New 
Brunswick tornado, by Dallas, Bache, and Espy, in con¬ 
nexion with accounts published by other witnesses of that 
and other similar meteors. , 

It seems to be admitted, on all sides, that within a certain 
space there is a rarefaction of air, tending to burst or unroof 
houses. That the upward blast consequent to this rarefaction, 
carries up all moveable bodies to a greater or less elevation ; 
that an afflux of air ensues, from all quarters, to supply the 
vacuity, which the vertical current has a tendency to produce. 
Trees, within the rarified area, are uprooted, and sometimes 
carried aloft; but on either side of it, or in front, or in the 
rear, are prostrated in a direction almost always bearing 
towards a point, which during some part of the time in which 
the meteor has endured, has been under the axis of the column 
which it formed. 

It appears to me that all the well authenticated charac¬ 
teristics enumerated by CErsted, arc referable to the view of 
the case thus presented. This distinguished author assumes 
that there is a whirling motion, although between American 
observers,this ‘is a debated question It scums in the highest 
degree probable that gyration does take place occasionally, if 
not. usually, since iir the case of liquids rushing into a vacuity, 
a whirlpool is very apt to ensue. But as slight causes will in 
such cases either induce or arrest the circular motion, such 
movements may be contingent. It would however appear pro¬ 
bable that when gyration does exist, it may, as the consequent 
generation of centrifugal force tend to promote or sustain the 
rarefaction, and thus contribute to augment the force, or pro¬ 
long the duration of a tornado. 

From observations'made upon the track of the recent 
tornado at New Haven, I am led to surmise that there was 
more than one axis of gyration and vertical force-—I conceive 
that in consequence of the diversities in the nature of the 
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bodies or the soil, there was a more copiouslemission of elec¬ 
tricity from some parts of the rarefied area than ‘others. In 
two instances waggons with iron wheel tires and axles, were 
especially the objects of the rage of the elements. Trees 
equally exposed were unequally affected, some being carried 
aloft, while others were left standing. The area of a ^ornado 
track may be more analogons to a rough surface than a point, 
and the electricity may, from its well known habitudes, be 
given off from such bodies as are from their shape or nature 
most favorable to its evolution. 

Since these inferences were made, I have observed in Reid’s 
work upon Storms, that similar impressions were created by 
factB observed^ during a hurricane at Mauritius in 1824. It 
was remarked that narrow, tall, and decayed buildings, ready 
to turn into ruins escaped, at but little distance from new 
houses which were* overturned or torn into pieces. It was 
inferred there were local whirlwinds, subjecting some locali¬ 
ties to greater violence than others in the vicinity. In the 
case of other hurricanes similar facts have been noticed. 

It may be expedient here to subjoin, that I consider a hur¬ 
ricane as essentially a tornado, in which an electric discharge 
by u convection,” associated with discharges in the form of 
lightning, takes place from a comparatively much larger sur¬ 
face. In the case of the hurricane, however, the area of the 
track is so miich more extensive, that the height of the vertical 
column to the diameter of the base being proportionably less, 
there is necessarily a modification of the phenomena, which 
prevents the resemblance from being perceived. In the case 
of the hurricane, the column is too broad to come within the 
scope of a human eye. 

So much has lately been presented to the public, either 
through the newspapers, journals, or lecture^, which I con¬ 
sider demonstrably incorrect that I can hardly, consistently 
with my love of true science, remain an inactive observer of 
the consequent perversion of the public mind. Unfortunately 
it is difficult, if not impossible to discuss such subjects without 
a resort to language and ideas, which are too technical and 
abstruse for persons who have not made chemistry and elec¬ 
tricity an object of study.—I have however prepared a series 
of essays, in which the causes of storms are stated, agreeably 
to my view of this important branch of meteorology.—I am, 
gentlemen, yours truly. 


* ROBERT HARE. 
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LVII .—Ah account of a remarkable Tornado which occurred 
towards the last of June, at Chatenay , near Paris , being 
translated, from the Report of a Parisian savant , Pettier , 
appointed to ascertain whether insurers were liable for the 
lossef under policies against damage from thunder storms 
(See Journal des Debats for the 17th of July.) Also Re¬ 
marks and Annotations by li. Hare, M. D. Professor of 
Chemistry, in the Pcnsylvanian ynivcrsity, Philadelphia. 

FOR THE NATIONAL GAZETTE. 

Messrs. Editors:—You had published a memoir on Torna¬ 
does by a distinguished foreigner, (Ersted. Conceiving the 
impression conveyed by that article less worthy of considera¬ 
tion than those which had been presented in a memoir which 
I had previously published, I hope that [ f shaU be considered 
as having had a sufficient incentive for endeavouring through 
the same channel to correct the erroneous impressions which 
that memoir was in my opinion of nature to produce. 

In my letter to you of the 26th uJt. it was stated that 1 
considered tornadoes as the consequence of an electrical dis¬ 
charge superseding the more ordinary medium of lightning. 
From an actiele which has since met ray attention in the 
Journal dcs Debats, published on the 17th July at Paris, it 
appears that a tremendous tornado accurred about the last of 
the preceding June in the vicinity of that metropolis. The 
losers applied for indemnity to certain insurers, who objected 
to pay on the plea that the policies were against thunder 
storms not against tornadoes. 'Phis led to an application to the 
celebrated Arago, who referred the case 2t> another savant, 
Peltier. 

From the report of Peltier, of which I subjcpn a translation, 
it will be seei/ that, excepting his neglect of co-operative in- 
fluence*of the elasticity of the air, he sanctions my opinion that 
a tornado is the effect of an electrical discharge.* 

* I had presented copies of the pamphlet containing my memoir to M. Arago 
and several other members of the institute. In a subsequent conversation he 
referred to some of the suggestions which it contained. As it conveyed a view 
of the question decisively favourable to the claimants, it may he inferred that 
it must have been alluded toby Arago and thus have become the source of 
Peltier’s impressions. It may therefore he anticipated that due acknowledg¬ 
ment will be hereafter made by him when ,he realises his promise of making 
a more elaborate report on the torna !o of Clntenay. Before entering upon 
the arguments by which I sustained my hypothesis it was briefly stated in the 
following words: “ Afteb muturelg coasplentig all the fails I am led to suggest 
that a tornado is the effect of an electrified current of air superseding the more 
wmat means of discharge between, the earth and clouds, in those vivid sparks 
which we call lightning 
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“ Yesterday,” says Peltier, i% I visited Ihe commune of 
Chatenay in the canton of Ecouen, department Sf Seine and 
Oise, and investigated* the disasters experienced in the month 
of June last, from a tornado which first originated over the 
valley of Fontenay des Louvres. At present I can give only 
a summary account of this wonderful phenomenon. ^ 

“ Early in the morning a thunder cloud arose to the south 
of Chatenay, and moved at about ten o’clock over the valley 
between the hills of Chatenay and those of Ecouen. The 
cloud having extended itself over the valley, appeared sta¬ 
tionary and about to pass away to the west. Some thunder 
was heard but nothing remarkable was noticed, when about 
mid-day a second thunder storm coming also from the south 
and moving with rapidity advanced towards the same plain of 
Chatenay. Having arrived at the extremity of the plain 
above Fontenay, opposite to the first mentioned thunder cloud, 
which occupied a higher part of the atmosphere, it stopped at 
a little distance, leaving spectators for some moments uncer¬ 
tain as to the direction which it would ultimately take. That 
two thunder clouds should thus keep each other at a distance, 
led to the impression that being charged with the same elec, 
tricity, they were rendered reciprocally repellent, and that a 
conflict would ensue in which the terrestrial surface would 
play an important part. Up to this time there had been 
thunder continually rumbling within the second thunder cloud, 
when suddenly an under portion of this cloud descending and 
entering into communication with the earth, the thunder 
ceased. A prodigious attractive power was exerted forthwith, 
all the dust and pther light bodies which covered the surface 
of the earth mounted towards the apex of the cone formed hy 
the cloud. A rumbling thunder was continually heard. 
Small clouds wheeled about the inverted cone rising and de¬ 
scending with rapidity. An intelligent spectator, M fj Dutour, 
who was admirably placed for observing, saw the "column 
formed by the tornado terminated at its lower extremity by a 
cap of fire,; while this was not seen by a shepherd, Oliver, 
who was on the very spot, but enveloped in a cloud of dust. 

“ To the south-east of the tornado, on the side exposed to 
it, the trees were shattered, while those on the other side of it 
preserved their sap and verdure. The portion attacked 
appeared to have experienced a radical change, while the rest 
were not affected. The tornado having descended into the 
valley at the extremity of Fontenay, approached some trees 
situated along the bed of a rivulet, which was without water 
though moist. After having there broken and uprooted every 
tree which it encountered, it crossed the valley and advanced 
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towards some other trees, which it also destroyed. In the 
next place* hesitating a few moments ps if uncertain as to its 
route, it halted immediately under the first thunder cloud. 
This, although previously stationary, now began as if repelled 
by the tornado to retreat towards the valley to the we 3 t of 
Chate^ay. The tornado after stopping as 1 have described, 
would infallibly on its part, have moved on towards the west 
to a wood in that direction, if the other thunder cloud had not 
prevented it by its repulsion. Finally it advanced to the park 
of the castle of Chatenay, overthrowing every thing in its 
path. On entering this park, which is at the summit of hill, 
it desolated one of the most agreeable residences in the 
neighbourhood of Paris. All the finest trees were uprooted, 
the youngest only, which -were without the tornado, having 
escaped. The walls were thrown down, the roofs and chim¬ 
neys of the castle and farm house carried away, and branches, 
tiles and other moveable bodies were thrown to a distance of 
more than five hundred yards. Deccnding the hill towards 
the north, the tornado stopped over a* pond killed the fish, 
overthrew the trees, withering their leaves, and proceeded 
slowly along an avenue of willows, the roots of which entered 
the water, and being during this part of its progress much 
diminished in size and force, it proceeded slowly over a plain, 
and finally at the distance of more than a thousand yards from 
Chatenay, divided into two parts, one of which disappeared in 
the clouds, the other in the ground. 

“ In this hasty account I have, with the intention of return¬ 
ing to this portion of the subject, omitted to speak particularly 
of it effects upon the trees. All those which came within the 
influence of the tornado, presented the same aspect; their sap 
was vaporized, and their ligneous fibres had become as dry as 
if kept for forty-eight hours in a fumaco heated to ninety 
degrees above the boiling point. Evidently there was a great 
mass of vapour instantaneously formed, which could only 
make its escape by bursting the tree in evesy direction; and 
as wood has less cohesion in a horizontal longitudinal, than in 
a transverse direction, these trees were all, throughout one 
portion of their trunk, cloven into laths. Many trees attest, 
by their condition, that they served as conductors to continual 
discharges of electricity, and that the high temperature pro¬ 
duced by this passage of the electric fluid, instantly vaporized 
all the moisture which they contained, and that this instanta¬ 
neous vaporization burst ml the trees open in the direction of 
their length, until the wood, 'dried up and split, hod become 
unable to resist the force of the wind which accompanied the 
tornado. In contemplating the rise and progress of this phe 
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nomenon, we see the conversion of an ordinary thundergust 
into a tornado ;* we behold two masses of clouds opposed to 
each other, of which the upper one, in consequence of the re¬ 
pulsion of the similar electricities with which both are charged, 
repelling the lower towards the ground, the clouds of the lat¬ 
ter descending and communicating with the earth by clouds of 
dust and by the trees. This communication once formed, the 
thunder immediately ceases, and the discharges of electricity 
take place by means of th^ clouds which have thus descended 
and the trees. These trees traversed by the electricity, 
have their temperature, in consequence, raised to such a point 
that their sap is vaporized, and their fibers sundered by its 
effort to escape. Flashes and fiery balls and sparks accom¬ 
panying the tornado, a smell of sulphur remains for several 
days iu the houses, in which the curtains arc found discoloured. 
Every thing proves that the tornado is nothing else than a 
a conductor formed from the clouds, which serves for a pas¬ 
sage for a continual discharge of electricity from those above, 
and that the difference between an ordinary thunder-storm 
and one accompanied by a tornado, consists in the presence of 
a conductor of clouds, which seems to maintain the contbat be¬ 
tween the upper portion of the tornado and the ground 
beneath. At Chatenay this conductor was formed by the 
influence of an upper thunder cloud, which forced the lower 
portion of an inferior cloud to descend and come into eontact 
with the terrestrial surface.” 

l’eltier concurs with, me in the opinion that the tornado 
supersedes lightning, by affording a conducting communi¬ 
cation between tlje terrestrial surface and thunder cloud: hut 
he conceives that the cloud, by its descent, becomes the con¬ 
ductor, through which the electric discharge is accomplished: 
whereas, agreeably to the explanation which I suggested, a 
vertical blast of air, and every Ijgdy carried alo*ft, contributes 
to form the means of communication. Agreeably "To this 
suggestion, the elec tic fluid does not pass by conduction, but 
“ convection?” as explained in my letter of the 2(>di ult. That 
the idea of the parisian suvan, that the cloud acts as a con¬ 
ductor, is untenable mu: t he evident, since the light matter of 
which a cloud is constituted could not be stationary, between 
the earth and skv, in opposition to that upward aerial current 
of which the violence is proved to be sufficient to elevate not 
only water, but other bodies specifically much heavier than 
tliis liquid. ' ’ 


* See 5th vol. of the American Philosophical transactions, or Silliman’s 
Journal for 1837, vol, 32, page 154. 
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►So much of th$i narrative of Peltier as relates to the repulsion 
between th*e thunder clouds, is inconsistent with anv other 
facts on record respecting tornadoes which have como. within 
my knowledge. It should be recollected that this part of the 
story does not depend upou the observation of the author, and 
may be due to the imagination of the witnesses whom he ex¬ 
amined. The most important part of his evidence, is that 
respecting the effect upon the trees, which appears to me to 
demonstrate that they w ere the medium of a tremendous elec¬ 
trical current. 

In my memoir I noticed the injury done to the leaves of 
trees, and stated my conviction that “ as it was inconceivable 
that mechanical laceration could have thus extended itself 
equally among the foliage, a surmise may be warranted that 
the change was effected by electricity associated with the 
tornado .” 


VIII —Description of a. new Voltameter. By Martin 
Roberts, Esq. In a letter to the Editor. 

Mr Dear Sir—I f vou think the following account of 
an nstrument worthy of a place in your Annals of Electri¬ 
city, you are at liberty to insert it. I contrived the instrument 
last winter, and found it exceedingly useful in comparing the 
decomposing power of different, electric currents. I brought 
it before the Royal Society of Edinburgh, where it was much 
approved of. / 

The usual way of measuring the quantity of gas developed 
by the poles of a galvanic battery, is by an instrument called a 
voltameter, of which there are many forms; but to all there 
is an objection, viz., the trouble, and often difficulty of refilling 
the tube with the liquid to be decomposed.' The change 1 
have made in' the form makes it a very simple instrument, 
giving-great facility of manipulation, which you will allow is 
of importance in all electrical experiments. My voltameter 
fig. 5. pi. IX. is a glass tube, bent like the letter "lj, and sunk 
into a wooden stand, as deep as the dotted lines in the figure. 
One leg a will contain about three cubic inches of gas, and on 
its length, is cut a scale dividing it into inches and tenths, 
cubic ; on the summit of the other leg 6 is a reservoir c which 
will contain something more than three cubic irffches. 

About an inch above the lowest point of the curvature of 
the tube, and in the leg a two holes are bored in the glass, 
and in these are cemented tfro short pieces of No. 6 platina 
vrivQ.d.d. The ends of these wires in the tube, must be close to 
each other, hut must not touch. The outward ends of these 
Vnj.. lV.-~No.Q3, March, IS 10. E b 
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wires terminate in two binding screws, s t s, fbr the purpose of 
attaching to them the wires of a battery. On th^ summit of 
the leg a is a stop-eodk 

To use the instrument, fill both legs with dilute sulphuric 
acid to the level of the stop-cock, or rather to zero on the 
scale. Shut the stop-cock, and fasten the battery wires in 
the binding screws: the decomposition of the water no'V com¬ 
mences, tne gas rises in the leg a and the liquid is raised into 
the reservoir c and this will continue until the liquid is 
depressed in the leg a bcldw the platina wires. The number 
of inches and tenths, of gas produced in a given time is marked 
by the scale, and gives, of course, the comparative power of 
the battery as usual. Hut now if you wish to repeat the 
experiment, you have only to open the stop-cock, the gas 
rushes out, and the apparatus is instantly ready for another 
trial. 

I remain, my dear Sir , yours truly , 

MAHTYN J. ROBERTS. 

LIX.— On an Air Electrometer ; by B. W. Coward, Esq. 

In a Letter to the Editor. See fig. 4. PI. IX. 

Dear Sin,—The instrument consists of a glass cylinder, three 
inches diameter, by eight inches in length, on each end of which 
a brass cap is cemented air tight ; passing through the upper 
cap, and near the edge is a glass tube B blown with a funnel- 
shaped end (for the purpose of exposing a greater surface,) and 
bent so as to leave a short parallel arm of about two inches and 
a half. To the long arm of this tube, a narrow graduated 
scale of ivory is affixed by means of fine wire. C and D are 
brass wires and balls placed in the centre of the caps, the 
upper one sliding in a collar of leather. In order to use this 
instrument, the tube B must be filled to about the Jheight of 
two inches, with a fluid, on the surface of which in ttie long 
jp-m must rest a light guage made of ivory, and sliding so 
freely as tp require very slight springs made of quill, to res¬ 
train it by thin pressure in any part of the tube. 

Now it is evident if a charge be passed through the cylinder, 
tl e air in it will be displaced, and pressing don n the fluid in 
the short arm, it will rise in the long one, and of course the 
guage with it, wliHi by the springs, will be restrained at its 
maximum height. The gauge is represented at E. 

The advantages to be derived from this construction of the 
instrument, I conceive to be,— * 

1st. The appearance is more elegant. 

2nd. It is more easily affected. 
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3rd. Thgre is no slopping about of a large quantity of fluid 
in the bottom of the eylimdcr. 

4th. Should the tube require cleaning, or the fluid 
replenishing, it is easily effected. 

5th. The permanent indication afforded by the guage, of 
height#to which the fluid has risen. 


LX.— The Aurora Borealis , df September 3<7, 1839. 

A very singular aurora borealis appeared at London, on 
the evening of the 3rd of September, 1839. It first made 
its appearance about a qua»ter before nine o’clock, and con¬ 
tinued nearly the whole of the night. I was walking from 
Brixton to l'eckham, between nine and ten, and kept fho 
aurora in view the whole of the time. * I first saw it when 
passiug Brixton church, then about nine o’clock ; its appear¬ 
ance was that of a yellowish light, at a small altitude above 
the northern horizon. In the course of a few minutes, a few 
faint straggling streams glided upwards to a considerable 
height; and soon afterwards several groups of brilliant 
streaks of red and white light .shot oxer an immense track of 
the northern heavens, to nearly the zenith. Besides these 
streamers, there were also splendid blushes of alternate 
stationary and moving red and white light. The sky was 
partially covered with thin vapoury clouds, which had an 
obvious influence on the colour, and the apparent horizontal 
motion of the light, which light also w as easily distinguished 
to be behind or beyond these thin clouds#of vapour; and 
assumed a deeper tinge of redness as the vapour became more 
dense between it and the spectator As this was the first 
time of my observing this red light during the display of an 
aurora, I became very anxious to know its cause, for 1 never 
yet saw the electrical light in artificially attenuated air any 
thing like the colour of the light which I observed on this 
occasion. It was sometimes of a deep crimson, at other times 
of an almost fiery red, then pink, very light pink, next the 
white colour of the usual aurora, and so on for several 
alternate successions. And at other times the aurora would 
seem to reverse the order of colours, beginning with the ordi¬ 
nary white light, and passing through the different red tints 
down to the perfect crimson; and then return gradually to 
the ordinary white. I haft several opportunities of observing 
these curious changes in the colour of the light before 1 
arrived at Camberwell. Just before I entered the grove at 
Camberwell, then about half-past nine, the northern sk) was 
illuminated through an immense horizontal range, with u 
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splendid red light, but when I arrived in the church yard, 
about five minutes afterwards, the red light had ftearly dis¬ 
appeared, only a small portion remaining on the northern 
edge of a thin fleece of vapour, at a considerable altitude 
above the western horizon; being replaced by several splen¬ 
did groups of the usual white streamers. From this time 
till a little before ten the aurora languished very considerably, 
but about five minutes before ten it re-appeared with all its 
former splendour, with the exception of the red colour. This 
last sudden display presenfed many exceedingly fine groups of 
intense streamers which shot upwards to the zenith, and 
covered an immense space in the heavens, but lasted only a 
few minutes before they vanished and appeared to leave ther 
night in comparative darkness. I watched the aurora till 
about half-past ten, but as at that time there appeared no 
reason for its continuance much longer, I ceased my observa¬ 
tions. 1 understand, however, that the aurora re-appeared in 
great splendour, .and continued till three o’clock next morning- 
I never, before, observed an aurora borealis expand to so 
great a horizontal range as that which I have now partly des¬ 
cribed. Lyra and Capella were excellently situated for 
giving a good idea of the horizontal extent of the aurora, the 
former star being just within it$ western, and the latter just 
within its eastern margin. The thin vapoury clouds presently 
clearing away, these two conspicuous stars were afterwards 
noticed to he within the limits of the auroral beams. Before 
ten o’clock the sky had become pretty clear, and the stars shone 
iu every part of the visible heavens. I did not observe any 
meteoric stars. William Sturgeon. 


LXI .—American Philosophical Society. 

Professor Bache, in behalf of Professor Alexander, of 
Princeton, made a verbal communication of a description of 
the aurora borealis, of September 3rd, 1839, as it appeared 
at Princeton, 

At about ten or fifteen minutes past eight, P. M. an ill-de¬ 
fined, but considerably bright light was seen to extend for 
some distance above the horizon, in a direction nearly due 
east; it was similar, in intensity and appearance, to a lunar 
twilight. Soon after this, a continuous arch or zone of light 
was manifest, extending from the same spot to the opposite, 
or nearly opposite portion of the western horizon. This soon 
separated in two parts, 4 and, after a short interval, beams of 

• Two arches, it is believed, were at this time formed, and either aeparated 
throughout their entire extent, or united only near their extremities; but tide 
vay notes do not explicitly state. 
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light shot vp from the eastern portion of the arch which were 
speedily multiplied in every direction around the observer, ex¬ 
cept within about thirty degrees of the true (or, it might he, 
mar/nelic) south. 

A corona was soon formed, which was at first quite indis¬ 
tinct, and was not. continuous for any great length of time, 
during the existence of the aurora, except at the period of its 
greatest brilliancy. At about twenty minutes past eight., this 
corona was situated in a line with, and about midway between 
« Aquibe and ./ Lyrac. This may be considered *as a very 
tolerable approximation to its position, though, from the ap¬ 
parent intersection, or, as it might almost he termed, inter¬ 
weaving of the beams which composed it, it was not often easy 
to fix upon the place of its centre with much precision, if 
indeed that which seemed its centre, did not really change its 
place; since, at times, it seemed to occupy a position very 
sensibly lower than that which the preceding observation 
would indicate. 

At about half past eight, the appearance of the aurora was 
superb. 'The radiations which extended from the corona, 
nearly reached the horizon in every direction, with the excep¬ 
tion of those which tended toward the southern space before 
mentioned, which, it is believtd, was even at this time bounded 
by something like an arch, that was convex towards the zenith. 
The aurora was often party-coloured; frequently of a rose- 
red, especially in spots, in that portion of the sky which might 
be supposed to be near the plane of the dipping needle; and 
also about the centre of the corona. It was in the part of the 
heavens here described, that the arch of (greatest intensity 
could most, commonly, if not. uniformly, be traced : though the 
crown of it frequently faded away, or became excessively 
faint. # 

Bet^etn the spots, of red light, or beams of the same tint, 
others were observed, which, either from the effect of the first 
mentioned colour, or something peculiar to themselves, ap¬ 
peared of a colour approaching to a bottle-green. 

At times, again, when the corona was deficient, the ap¬ 
pearance of what remained on each side of the vacant spot, was 
not unlike that of two immense comets; their heads some 
small distance asunder, and their tails turned eastward and 
westward. 

The light of the corona, when most perfect, was quite dense, 
not only at the central point,*but also near to what seemed to 
be the outer limits of its radiations, at which the tint com¬ 
monly exhibited the nearest approach to white. 

Two meteors or shooting stars were seen, which in both 
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cases appeared to pass between the aurora dnd the eye of the 
observer; one nearly in the direction of the arclf of greatest 
intensity, and the other almost perpendicular to it. The pre¬ 
cise times of their appearance were not noted, though they fell 
within that period in which the phenomena already described 
were exhibited. 

The corona formed again at nine; and, though’ again 
broken, was imperfectly visible after that time. 

At half past nine, the eastern portion of the sky became 
tinted with intense red and green; but at half past ten, little 
else remained than the appearance of bright horizontal beams 
of white colour in the north. 

If it be admitted that the centre of the aurora was precisely 
midway between « Aquilm and » Lyra, at twenty minutes past 
eight, its azimuth must have been 1° 14'42" E. of S., and its 
altitude 73 ° 27' 6"; the latitude of the observer being 49 1 20' 
47" N. The point thus designated, would be very nearly in the 
direction of the dipping needle ; the dip being, by observation, 
72° 47' 6" (72° 47.1') and the variation (though notaccurately 
determined,) some 4° W. or that of the S. end of the needle, 
of course, the same extent to the east. The degrees of azimuth, 
reckoned on a parallel to the horizon at. an altitude of 72 > and 
more, being small, the deviation from the direction of the 
dipping needle, measured on the arc of a great circle, would be 
scarcely more than 1° towards the N. W. 

Professor Bathe stated that his own observations near 
Philadelphia, of the altitude of the apparent converging point 
of the auroral beams, at nine P. M. made it but about C9 ! . 
He had witnessed a case of the appearanc e of a dark spot of 
irregular shape, "between two beams of light, which was cer¬ 
tainly not a cloud, as the stars were not at ail obscured by it, 
and which he supposed to be the phenomenon referred to* re¬ 
cently by Professor Lloyd. No mottled cloudy, such as 
usually attend the aurora, were visible during the period 
between nine and ten o’clock, when he had been able to ob¬ 
serve. Professor Bache stated that he did not place much 
stress upon his measurements, as he had been prevented from 
sustained observation by indisposition. There had been, in 
the newspapers, an account of an auroral display visible at 
London, on the morning of the fourth of September, at 
about the same absolute time as at Princeton, according to 
Professor Alexander’s observations. It was said to have been 
accompanied by a very unusual number of shooting stars, com¬ 
pared m one statement of the splendid display of November 
13th, 1833. 



On Microscopic Objects. By the Rev. J.B. Reade, M.A. 407 

LXTl. —A New Method of Illuminating Microscopic Objects . 

By the Rev. J.B.Reade, M. A., of Cams College, Cambridge. '* 

In Dr. Goring’s valuable memoir of the Verification of Mi¬ 
croscopic Phenomena, it is observed, “ the verification of the 
real nature, form, and construction, of a vast variety of objects 
which elude the sense of touch by their extreme minuteness, 
can only be made out by an attentive study of tlieir appear¬ 
ances, under a variety of methods of illumination .^f The 
methods of illumination at present Adopted are four in number, 
and consist in the application of direct and oblique reflected 
light, and direct and oblique transmitted light. 

The first two methods are applicable to opaque, objects, but 
for the examination of transparent objects, all the methods 
jure available. The two latter, however, it is well known, are 
those most commonly used. 

Now, when microscopic objects, not opaque, are viewed with 
oblique reflected light—the flame of the candle being placed 
higher than the stage of the instrument, and its light con¬ 
densed upon the object—it is invariably found that the maxi¬ 
mum of condensed light which can be obtained by this method 
is suflicienl for the full dcvelopement, of many important cha¬ 
racters. If, again, transmitted light, either direct or oblique, 
be substituted lor reflected light, obstacles of a still more 
serious nature greatly interfere with accurate investigation. 
Delicate tints arc lost; colours naturally bright, or even bril¬ 
liant, are, all but absorbed; the, texture and construction of ob¬ 
jects arc erroneously represented; and, in fact, nothing is seen, 
in many cases, but a magnified image of the object in mere 
black and white. Nor is this all; for be&des this defective 
representation, the eye of the observer is always subject to 
much painful excitement, arising from the intense illumination 
of the wholt* field of view. And hero, in fact, lies the great 
practical inconvenience of the present method; for, to take a 
common case—an object about 1-300th of an inch in diameter 
being placed in the middle of the field of view, the diameter of 
which is about l-12th of an inch, and consequently being 
l-6*25th part of the area of the field of view, the eye has to con¬ 
tend with 024 parts of the bright light, which arc not brought 
to bear upon the illumination of the object. Hence, a method 
by which this intense glare shall be wholly removed, and that 
without the loss of a single effective ray, must evidently be su¬ 
perior to the one usually employed, in the ratio of at least 
600 to 1. * 


• From Goring and Pritchard’s Micrographia. 
f Microscopic Cabinet, p. 183. 
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Being lately engaged in the examination of k few test objects , 
I happened to notice that the feathers of the Lycfana ary us , 
when held above the flame of a candle, exhibited at a certain 


angle all their peculiar tints, and at the same time the flame 
was not visible to the eye. It then occurred to me, that by 
preserving the same angle under the microscope, the advantage 
of amplification would also be accompanied by the natural 
colours of the object. The requisite angle was readily obtained 
by making the axis of the microscope coincide with the line 
from the object to the eye, Hrhilo the candle and the object re¬ 
tained their relative positions. The result accorded with my 
anticipation, and I was gratified by the exhibition of the most 
brilliant diamond tints, sparkling with exquisite lustre, on a jet 
black ground. This new method of illuminating microscopic 
objects, it is at once apparent, consists in obtaining oblique re¬ 
fracted light. 

On submitting a series of objects to the same illumination, 
I was soon convinced of the value of the discovery; and I 
scarcely know which to admire most—-whether the very natural 
appearances of objects, adorned, as they invariably are, by the 
presence of their most delicate colouring, or the personal com¬ 
fort of the observer, arising from the absence of all superfluous 
light. To illustrate the two methods by a reference to the 
telescope, it may be observed, that the discomfort of viewing 
spots on the, sun not unaptly corresponds with the view of mi¬ 
croscopic objects on an illuminated field; while the removal 


of all inconvenient and ineffective light from the field of the 


microscope corresponds with the clear and quiet view of stars 


on the dark blue vault of the firmament. 


The most practicable mode of obtaining the illumination 
now described is to fix the object on the stage of the micros¬ 
cope, in the usual way, the axis of which must be inclined to 
the table, at about an angle of 45°, and then *Lo place the 
candle about two inches below the stage, and about one to two 
inches to the right or left of it; but this lateral distance must 
be varied, according to the nature of the object and the angle of 
aperture of the instrument.- It must be carefully borne in mind 
that the illumination will not be correct unless the field of view 


be wholly darkened. 

To obtain this kind of illumination with facility and effect, 
it will be necessary to make some alterations in the construc¬ 
tion of the instrument: as, for instance, in order to apply con¬ 
densed light, the arm of the condenser must be placed in a ball- 
and-socket joint, or some similar contrivance must be adopted; 
for when it is perpendicular to the axis of the microscope, its 
introduction diverts the course of the rays from the candle to 
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the stage, and not* unfrequently illuminates the field of view. 
The miiTor*also cannot be made available in its present posi¬ 
tion, for this kind of illumination, because light, when reflected 
from it, must of necessity illuminate the field. It must there¬ 
fore be fixed on an extended and jointed arm; and when so con¬ 
structed, microscopic objects may be \ie.wed even in the day¬ 
time by oblique refracted light. Again, a very remarkable 
microscopic effect will be produced bv giving a small vertical 
angular' motion either to the body ol' the instrument or to the 
stage, as in Goring’s J*’ngi scope. By this means, the plane 
of the object which, owing to the present construction, is of 
necessity parallel to the diameter of the object-glass, may he 
inclined to it at different angles; .and we shall thus obtain ob¬ 
lique vision as well as oblique illumination. These two con¬ 
ditions are absolutely necessary for obtaining, in many in¬ 
stances, the tme effect of coloured objects uven with the naked 
eye, and the introduction of magnifying powers between the 
object and the eye does not render these two conditions a whit 
the less necessary. 

Hie effect of this new method of illumination may he tried 
with advantage on various subjects of the larger kind, as cut¬ 
tings of wood, scales of fish, and wings of insects . 4 We may 
also apply it, with peculiar interest, to the investigation of the 
elementary organs of plants; animal tissues; rnosses; coral¬ 
lines; crystals; and the scales of insects of the. orders Lepi- 
doptera and Thysaimra. In eaeli of all these some striking 
and hitherto unpereeived character will be developed, and tlie 
observer will rise from his pursuit with a more thorough per¬ 
suasion that the Being whose word is power, and by whom his 
own body “is fearfully and wonderfully maffle,” lias equally 
exhibited the. matchless efforts of His skill in the exquisite, 
polish of an insect’s joints; in the opening of .a leaf; and the 
pencilling of if flower.—To be a theoretical atheist is im¬ 
possible. 

Peckliam, Nov. 183G. • 


* Among the various objects which shew the superiority of this kind of 
illumination over transmitted light, the spiral vessels of the h)acinth and the 
pollen of the convolvolus major are the most decided.—A. P. 
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LXIII. The reason why a small pair of plate* introduced 
into a circle of larye pairs reduces the action of the whole 
battery to the same standard as if it were composed of all 
smallpairs. ByW. H. IIalse, Esq. In a Letter to the Editor. 

Mr. Editor, —In the last number of “ The Anjials” 1 
promised to explain my theory of the action of a small pair 
of plates when introduced into a circle of larger ones; as l 
considered that the theory commonly given as an explanation 
of it, was not founded on fact, viz., “ that the positive elec¬ 
tricity produced on the large plates more than that produced 
by the small plates, is instantly neutralized by au equal quan¬ 
tity of negative electricity, and that this extra quantity is 
continually being produced and as often neutralized.”—Now 
it must be evident that this cannot be correct, for if it were 
so, double as mufh zinc must be dissolved from a lour inch 
plate sis there would be from a two inch plate, and twice the 
quantity of hydrogen gas evolved by the large copper. Expe¬ 
riment will prove that this is not the case, for in a compound 
circle consisting of twenty pairs of plates varying from one 
inch to eight inches in size, it will be found that the quantity 
of gas liberated from the coppers of the eight inch pairs will 
be no more than that evolved from the one inch piiirs and the 
zinc dissolved is also equal. Although this theory is received 
by many persons as correct—and oven by some lecturers on 
galvanism, for I have heard them give this explanation of 
it.—I am convinced that M. T)e la Rive did not moan it in this 
light, for he must undoubtedly have considered the extra pro¬ 
ductions and the extra re-compositions of the two electricities 
as due to chemichl action on the plates beyond what was neces¬ 
sary for the developemenl of the electric current circulatiny 
through unequal pairs; the objection which I have advanced 
therefore can liave no effect against his theory as He mended it to 
be understood, but only against that as received and advocated 
by those whf> are ignorant of his meaning. I, however, now 
give an explanation of its action according to my view of the 
subject and which I think will explain every effect. 

The particles which compose the fluid contents of the bat¬ 
tery contain both positive and negative electricity; the zinc 
contains both also ; but the positive of the zinc and the nega¬ 
tive of the fluid have an appetency to unite, and the particles 
of oxygen and zinc unite in consequence of it; therefore the 
negative electricity which was combined with the positive in 
the particle of zinc, remains on the mass of zinc and the 
positive which was combined with the negative in the particle 
of oxygen remains in the jfluid, thus the zinc plate contains an 
excess of negative and the liquid an excess of positive elec- 
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tricity . The negative, therefore , proceeds from the zinc and 
the positive from the fluid , both travelling in different direc¬ 
tions, viz.,—the positive from the fluid in contact with the zim: 
towards the copper in the same cell and the negative from the 
mass of zinc along the connecting wire to the copper in con¬ 
tact with it. Having thus laid the foundation of my theory, 
i will suppose a battery w orking, in which a pair of plates 
half the size of the others is introduced into the circle; say 
three pairs of simple circles united, and this small pair shall he 
the second pair. At the commencement of its action each 
pair of plates produces electricity according to its size, but 
only at the moment of uniting the ttcopoles. The negative 
on the small zinc is conveyed by the connecting wire to the 
copper of the first pair, which at the same time attracts from 
the iicpiid in which it, is immersed (viz. the lirst eel]} an exact 
quantity of positive to neutralize itself, hjit as the liquid con¬ 
tains twice as much positive as is sufficient for the neutral¬ 
ization of the negative, the liquid of the lirst pair therefore 
remains positive. The negative electricity accumulated on 
the zinc of the third pair being twice as much as the positive 
contained in the liquid in which the small copper is immersed 
(second cell) and which copper is connected with this zinc, 
only one half of it escapes from the zinc by the connecting 
wire to this copper, and consequently the mass of zinc in this 
third cell remains negative, on account of there not being a 
sufficient quantity of positive to neutralize.it. 

Now as the zinc plates are positive with respect to the Hinds 
in which they arc immersed (that is that their positive electricity 
has an appetency to unite with the negative of the fluid) it 
shews that the action of the acid on the fifit and third pairs 
must be diminished, because, in number one, the fluid is 
positive by the accumulation of that kiud as tyefore stated, and 
as the zinc ts naturally positive, and as two positives will not 
unite*(supposing they w ere equal) it is evident that the chemical 
action on the zinc plate of number one must Ijp diminished; 
the same in number three—the fluid is naturally negative, and 
the zinc naturally positive, (with respect to each other) but as 
there is an accumulation of negative electricity on the ziilc of 
this pair as before stated, it prevents its associating with the 
negative oxygen of the fluid, so that the action is also 
diminished on this pair, but in the cell of the small pair the 
action goes on uninterruptedly, because there is no accumula¬ 
tion of either electricity -on the zinc or in the fluid, therefore 
it will be perceived that the accumulation of the positive in 
the liquid of the first pair and of negative on the zinc of the 
third pair act a similar part, as a regulator does to a 
steam engine, and in consequence of wliich there is no more 
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electricity produced from ihe large pairs (the commencement 
of the action excepted) than from the small pair; the greater 
the quantity of positive accumulated in the fluids and the 
more negative on the zincs, the less the amount of chemical 
action in these cells—It thus necessarily follows, that if this 
be correct, the prevailing opinion that the excess of either 
sort of electricity is immediately neutralized by its opposite 
must be incorrect, because no excess of either can be generated 
save in the first instance* but which is not neutralized but 
acts the purpose of regulating the action of the acid on the 
zinc—for example—supposing the large plates are ten inches 
square, and the small pair only one-lburtli the size, and sup¬ 
posing that the large pair is capable of producing four times 
the quantity of electricity that the small pair will, then the 
action of the acid on one inch of the small pair will be as 
much as its action' on four inches of the large pair or four 
times as much on an equal surface, that is, that the same 
quantity of atoms both of oxygen and zinc will unite in the 
cell with the small pair, as will unite in the cell with the 
large pair —the degree of action being regulated by this 
small pair, which has the effect for the above reasons of re¬ 
ducing the action of the battery to the same standard, as if it 
were composed of an equal number of these small plates, 
proving how necessary it is when we want large quantities of 
electricity and of a high tension, to be particular not to 
introduce a fault/ pair into the circle. According to this 
theory, if there are five or ten pairs of plates increasing in 
size from one to ten inches, and the cells supplied with dilute 
acid sp. gr. 10(>8 (the zincs being all amalgamated) the hydro¬ 
gen gas evolved from the ten inch coppers ought to he no 
more than that evolved by the one inch coppers in an equal 
time, and the quantity of zinc dissolved in ea^h cell ought 
also to be equal. Experiment will prove that sUth^is the 
case. I am well convinced that the above will be very diffi¬ 
cult to be understood by the general reader, I therefore suggest 
the necessity of his placing before him a drawing of three 
simple circles united with each other, the centre one being 
half the size of the others, and I have no doubt that with a 
little attention—particularly to the first part of this letter,— 
that my theory will be fully comprehended, and that he 
will coincide with me in believing it to be the most plausible 
one of any that has as yet been advanced; still as it clashes 
with existing opinions—perhaps prejudices—of course I must 
expect the general attendants inseparable from innovators, 
viz. abuse and ridicule; but no matter, “ felix qni potint 
remm cogtioscere causas." 
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In my last letter I also stated that I had discovered a plan 
to increase* the intensity of the shocks; I therefore now pre¬ 
sent you with the method :— * 

A method to increase the intensity of the Shock Apparatus. 

In order to introduce the process more readily you will he 
pleased to place before you either a shock apparatus having two 
coils or else the sketchfof one, (fig.fi. pi IX.) and let the two 
screws connected with the terminations of the primary coil he 
marked No. 1 P. and No 2 P. and let the two terminations of 
the secondary coil be marked No. 1 8. and No. 2 8., thus we 
shall have one side of the apparatus marked No. 1 P. and No. 
1 8., and the other side, No. 2 P. and No. 2 8. I a nt 
thus particular in my explanations that I may he better under¬ 
stood by all your readers. Now let a wire pass from the screw 
No. 1 S. to No. 2 1*. that they may he cwnnoeted with each 
other. Next let a wire pass through the screw No. ] P suffi¬ 
ciently long to be in contact with one pole of the battery and 
also in contact with one of the handles; the other handle is to 
communicate with No. 2 S, whilst contact with the battery is 
broken by means of a wire connected with No. 2 P. Thus will 
the shock he con iderably increased and about one half the wire 
now r used for the secondary coil may he saved. 

It will at first sight appear to the operator that the primary 
and secondary coils-are connected with each other so as to form 
one continuous coil, and that the increase, of the shock is 
gained on that account; hut with a little consideration it will 
he evident that this is not the case ; it is true that one end of 
the primary coil is connected with one end of the secondary 
coil, hut in order that it should he the effect*of one continu¬ 
ous coil, contact with the battery must he broken by means 
of a wire connected with No. 2 8 instead of No. 2 P, and if 
this be done, k will be found that tin; shock is very trifling; 
therefore *it is clear that the increase of the shock is owing 
to some other cause which I think may he explained as 
follows:— 

It is well known that a powerful shock can be obtained by 
the use of a primary wire alone ; hut, that the shock is very 
considerably increased by coiling round it a secondary wire; 
in that case however, this latter wire does not communicate 
either with the battery, or with the primary coil, the current 
giving the shock being what is tenned “ the induced current,” 
and which depends on the primary w ire for its production,— 
the shock being regulated by the pow-er of the primaiy coil, 
and also by the length of wire forming the secondary coil, but the 
shock/*// certainly all proceeds from this latterc-iiJ, and the 
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shock which the primary coil was capable of giving, as cer¬ 
tainly lost. Npw it occurred to me that some means may be 
adopted to unite this latter shock with the secondary one, so 
that both may be brought into operation, and be made to pass 
through the body at the same time, and this is evidently 
effected by the before-mentioned means, for the induced cur¬ 
rent is obtained in an indirect manner, viz.: instead of the 
two extremities of this wire being in direct contact with the 
body as is the common method, only one end is in contact, 
whilst the other lias to pass through the battery itself, and then 
comes to the hodv by means of the handle connected with 

% V 

the primary wire screw, No. 1,1*; it is in this manner that the 
secondary current is obtained. The primary current is 
obtained by its passing lrom the battery through the screw 
No. 2, P, across to the screw No. 1, S, then circulating through 
the whole length of’the secondary coil, and coming into contact 
with the body by the handle fastened to the screw No. 2, S, 
(he other handle communicating with No. 1, P, and also with 
the battery ; it will be thus perceived that the increased effect 
is taping to the. union of the primary current, with the 
secondary current , and hath being made to pass through the 
body at once. With a sketch of a shock apparatus placed 
before you, 1 have no doubt my observations will be readily 
understood, for after the screws are marked and lines drawn to 
represent the wires, the whole will appear very plain. I have 
just constructed a small apparatus on this principle, having 
only four hundred feet of secondary wire, which is so power¬ 
ful, that no one would he inclined to take the shock a second 
time, even with a single pair of half pint cylinders. 

J remain, Mr. Editor , 

Your obedient Servant, 

W. II. 1IALSE. 

u 

ft rent, near Ashburton. 


LXIV .—An Analysis of Mr. Harris’s Investigation of 
Mr. Sturgeon’s fourth Memoir. 

Dear Sir,—In my letter of 2nd December last, published in 
No.22 of these Annals,(zee page :i:12,)I promised to analyze vour 
excellent investigation of my fourth Memoir ; and now that 1 
am about to enter on that important task, I must request your 
very patient attention, because, although I may have but little 
to do in this performance, I am dfesirous of doing that little 
well. Hence l shall not be enabled to gallop over your excel¬ 
lent investigation as fast as you have done over my memoir, nor 
shall 1 find time to follow your example in those elegant exulta¬ 
tions in which you have so frequently enjoyed yourself. My 
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business, oq this occasion, will be merely that of separating and 
classifying, the various materials of which yoiu; invest igatimt. 
is composed, and examining how iiir they are concerned in tin* 
great question at issue. 

You commence your “investigation” in about the usual way 
of introduction; and if you had not perverted the meaning of 
my motives for submitting my fourth memoir to the “consider¬ 
ation of all the learned scientific bodies in Europe and Ame¬ 
rica,” and committed some other inaccuracies, which 1 will 
presently point out, your first paragraph might have been all 
very weil. Now', instead of my saying that my memoir merited 
the consideration of those learned bodies, 1 have said, pretty 
clearly, that it “is 1 he subject of marine lightning conductors 
which requires such general attention and rigorous investiga¬ 
tion” and had I denominated those scientific bodies to which 
l have submitted the consideration of my memoirs, learned. as 
you have done, 1 should have been guilty of an unpardonable 
insult to all other scientific bodies ; because the adjective sci¬ 
entific implies learned; and 1 have a right to consider 
that all scientific bodies are learned bodies. Now 1 will not 
say that your perversion of my statement was intentional , I 
shall therefore place these two items under the head Mistake. 

There are. also other mistakes in your first.compound para¬ 
graph ; for l have nowhere said “ that a metallic rod whilst 
transmitting a charge., is always productive of powerful lateral 
explosionsnor have I anywhere said that “this effect, in the 
case of a lightning rod, is a very fearful circumstance.” You 
must necessarily have observed, that the “ fearful circumstances” 
which you mention are pointed out as applicable to your own 
lightning rod wily; for it was that alone which I was investi¬ 
gating. 1 lonce 1 find that your first paragraph is a compound 
of four pure mistakes. • 

Your ^jul paragraph is of no import, only as a connecting 
lit ’ between the first and third. 

Paragraph 8 contains one Mistake : for I hfive nowhere 
“spoilcn in a slighting way” of you; but, on the contrary, 1 
have always spoken of you in the most handsome manner. 
Read my memoir over again, and pay particular attention to 
paragraphs *215, 216, 217, and also my letter to you, dated 
September 12th, 1886, page 191 of this volume. 

Hence you will find that, as a gentleman, l have paid every res¬ 
pect to you; hut as to your experiments performed before the 
Navy Board, &c. you must necessarily pemut that extent of 
criticism which is allowable bn performances of so singular a 
character; and I-must repeat that on this pointl have done no 

* See last paragraph of my letter to you, p. 192 of this volume. 
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more than to place those experiments in a proper light, in order 
that they may not have that deceptive influence on the readers 
of the “Annalshf Electricity” as they probably had on the Navy 
Board, from a want of that explanation which, in my opinion, 
you ought officially to have given them. 

Paragraph 4, is plain enough, and is a good epitome of 
some of Mr. Stephen Grey’s discoveries; and will, no*doubt, 
be very useful to those readers who were not previously aware 
of copper being a conductor of electricity: and that glass is 
an insulator. Further than this I cannot perceive any utility 
of paragraph 4: and certainly it contains nothing applicable 
to my experiments. I think it may properly be placed under 
the head Neutral. 

Paragraph 5, is of a somewhat curiously complicated cha¬ 
racter. It is a compound of mistakes , exultation , and a desire 
to lead your readers astray. In this paragraph you are 
attempting to confound some of my experiments with those 
which you have described in paragraph 6, and as they have 
“really nothing ” to do with each other, you arc leading your 
readers from one of the items of the main subject; and as I 
have never made any “ claims to have ” my memoir “ consi¬ 
dered by all the learned societies of Europe and America,” 
you have, whilst exulting, tumbled into a, what ? Mistake. 

In paragraph (>, your statements are occasionally inconsis¬ 
tent with themselves, and even contradictory of each other. 
In one part you say, “as the charge accumulates on the inner 
surface, a corresponding quantity of electricity is forced off 
from the outer, and without this double effect takes place, we 
fail to accumulate a charge.” And to rivet this statement 
firmly as a fact into our noddles ; and “to render it evident” 
to our senses, you describe an illustrative experiment under 
the head (e). *Now we have hardly had lime to see this 
illustrative experiment, before you tell us it is all a exception; 
and that if we will read on through the long sentence \f) we 
shall find an<*ther illustrative experiment “ which is sufficient to 
show, that the accumulated electricity is never exactly balan¬ 
ced between the opposite coatings, &c.,” so that one of 
these statements is an obvious contradiction of the other. 
You seem to have some vague idea respecting the condition 
of a charged jar: but you do not appear to be aware that the 
electric forces on the opposite sides of a charged jar may 
either be equal or unequal according to circumstances. 
I mention this fact with no other »view than that of bringing 
it. to your nonce as a probable interesting novelty. The 
remainder of article C is an acknowledgment that a lateral 
spark does take place, with an attempt to give the phenomena 
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a different explanation to that given in mv memon: an 
explanation by no means new to the partial experiments 
which you have described, but perfectly inapplicable to my 
experiments, described in paragraph 202, of my fourth me¬ 
moir, page 17(> of this volume. 

Paragraphs 7 and 8, are curious specimens of your mode o{ 
reasoning on philosophical subjects, and nothing more. 

Paragraph 1) is simply an extract, from my fourtty memoir. 

1 will not take upon myself to say that, in paragraph 10, you 
ha\e “laboured hard to invalidate*my experiments,” but you 
must permit ine to point out an error or two into which urn 
have fallen in your version of them. 

I have not said that “a spark is feltMt every discharge,’* lm< 
that “a pungent spark would be felt - ’ if “the knuckle were 
to bo presented to the conducting rod, 1 Now, in conse¬ 
quence of this lilile mistake, (I hope it, was not an inten¬ 
tional perversion) you have been led into a very serious error, 
by supposing that my experiments (l suppose you mean 
results) “could only be produced by continuing to work the 
machine in connexion with the jar,” during the time that the 
discharges were made. If, instead of taking upon yourself 
to make such an assertion, you had condescended to repeat 
my experiments, you would soon have been convinced that 
there is no need of keeping the machine in motion, nor any 
necessity for keeping the jar in connexion with the wire con¬ 
ductor, in order to produce the lateral discharge which 1 have 
described. 

Paragraph 11, is descriptive of experiments which have no 
bearing whatever on my memoir. The best epitome of them 
that I have seen is given by Cavallo, in the following note : 
“ If a charged jar be insulated, and discharged with an insu¬ 
lating discharging rod, after the discharge Jjoth the sides of 
the jar,together with the discharging rod, will bo found pos¬ 
sessed of the electricity contrary to the electricity of that 
side of the jar which was touched last before jhe discharge: 
which shows that one side of a charged electric may contain 
a greater quantity of electricity than that, which is sufficient 
to balance the contrary electricity of the opposite side. This 
redundant electricity should be carefully considered in per¬ 
forming experiments of a delicate nature. 

As, however, you may possibly wish me to notice a few 
items in paragraph 11, I will do so, and begin with the item 
(p): in which you, with a very proper motive, introduce 
your unit jar. Take a friend’s advice on this instrument. 


Jm 


* 


See page 175 of this volume. 
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and never again depend on its indications as a lyeasurcr of 
quantities of the electric fluid, for it happens to be no mea¬ 
surer of either quantity or intensity. Let me endeavour to 
show you why. With a constant surface of the same coated 
glass, the intensity of the charge is as the quantity deposited, 
when the resistance is constant; but under no other circum¬ 
stance. Now the resistance which a jar offers to the 
introduction of new or succeeding quantities, whilst charging, 
becomes gradually greater gnd greater as the charge advances, 
and consequently requires, from the unit jar, a continually 
increasing charge for every successive spark transmitted 
during the whole process of charging. Hence, you see, that 
your supposed units arc continually varying: and your jar no 
measurer of electric action. You might have known this fact 
by placing the knob of a jar at a short distance from the 
prime conductor, where you would have seen that the sparks 
became less and less frequent as the charge advanced. 

Items (r ) and (s) are additional specimens of your mode 
of reasoning; and item (t) is not amiss. The two latter 
evince a growing propensity to percussion powder, but by no 
means any more applicable in this investigation than in your 
illustration of the effects of lightning on a ship’s mast, by the 
wood-splitting apparatus. Your readers can have no doubt of 
your being eminently successful in the wood-splitting business 
after reading item (s): “whereas in passing the slightest 
spark, it (the percussion powder) inflames directlyand 
they must necessarily acknowledge, that nothing less than the 
most penetrating mind could ever have assimilated the effects 
of “the slightest spark,” with those of a flash of lightning, 
on a ship’s mast. 

Paragraph 12, is simply an epitome of your views of your 
described experiments. m 

Now comes paragraph 13 with all its singular misrepresen¬ 
tations, misinterpretations, &c., hut l will notice one item only, 
because it is the cleverest of the whole, and because by means 
of that item I shall be enabled to show you how easily you may 
be led into a mistake. I will premise, by acknowledging that 
Earl Stanhope was perfectly correct by supposing that a highly 
charged electric cloud would displace a portion of the earth’s 
electric fluid; and that a positively charged cloud might thus 
cause a track of country beneath it, to become negatively elec¬ 
tric ; and so long as only this phenomenon occurred, your inter¬ 
pretation would be perfectly correct also; and there would be no 
need of any lightning conductor, because no lightning could pos¬ 
sibly happen. But you know that lightning does occasionally 
happen: and you ought also to have known, that if a flash of 
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lightning from t\\& supposed cloud Fig. O’, Plate VII, were to 
strike the supposed conductor cc, that neither that con¬ 
ductor nor the object beside it, would any longer he in the 
same electric condition that they were in prior to the discharge. 
The electric fluid constituting the Hash would no longer be in 
the clqud, but would now be in the conductor cc, which 
would become highly electro-positive during the transit of 
fluid through the metal; and would thus cause electro-dis¬ 
placements, and consequent electric flashes amongst all those 
vicinal conducting bodies which weVc sufficiently near to each 
other to be within their respective spheres of action. Hence 
you see that your reasoning only applies to the state of the 
clouds and objects beneath them prior to the flash of light¬ 
ning : and at a time when no conductor is needed: hut my 
reasoning applies to the electric condition of a conductor 
whilst in the absolute capacity of transmitting the lightning. 
i hope you now perceive the distinction ; as to the importance 
of our respective views I must leave you and others to judge. 

In your 14th paragraph you obviously rely a great deal 
more upon the opinion of other persons than upon any 
knowledge of }our own. I, on the contrary, do no such 
thing, 1 shall always venerate Priestly as a philosopher, but 
I must speak on points of doctrine according to my own ex¬ 
perience; and although that eminent electrician did not ob¬ 
serve the electrical ( fleets of lateral explosions on vicinal 
bodies, I, and others, have observed them. And if you did 
not know of this fact before, I should advise you to read 
carefully my fifth memoir, which will very soon appear in 
those annals; and afterwards try to repeat some of the expe¬ 
riments which vou will there find described*: and in the mean 
time you may read the Library of Useful Knowledge: and if 
the facts stated there should happen to he “ unfortunate for 
your wh^le doctrine,” I hope that you will not blame me for it. 

Paragraph 15 declares that you have no knowledge what¬ 
ever of the “ radiation of electric matter from conductors car¬ 
rying the primitive discharge.” Here again I must crave 
your indulgence not to blame me for your not being acquainted 
with this fact. I sincerely wish you had a better practical 
acquaintance with electrical phenomena than that which your 
investigation indicates, as it would have saved much trouble 
in bringing many common place facts to your notice. Item 
(y) is akin to item (p); and the air electro-thermometer ou a 
par with the unit jar. Let me give you another piece of 
wholesome advice. Never again trust to an electro-measuring 
apparatus , until you have first become well acquainted with 
its capabilities and the principles of its action. 
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Paragraph 16 is a neutral: and paragraph 18 t is simply a 
short extract: and paragrapli 19 may be dismissed under the 
same head. 

Paragraph 19, though mostly quotations, is a very important 
paragraph, because it is made the basis of all the unelectric 
matter of all the succeeding paragraphs in the investigation * 
and I am very glad that I am so near the end of it, for 
I am heartily tired of wading through such a inass of 
material as your investigation as composed of. Nov, 
Sir, this unfortunately mischievous word infinitely , has given 
you a great deal of unnecessary trouble, for which 1 am 
exceedingly sorry. Had I said immensely instead of infinitely , 
I should have been m&re correct, and you would have had 
less trouble. 

I do not find any thing further in your investigation except¬ 
ing some trifling unelectro-invective, which 1 have neither 
time nor inclination to notice. I sincerely wish you had been 
more serious and more scientific in your investigation , as it 
would then have been a pleasure to reason with you, and point 
out many other facts which bear upon the great question at 
issue. 


I amt dear Sir , 

Yours very truly , 

WILLIAM STURGEON. 


To W. Snow Harris, Esq. 
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§. 18. On Induction. 1j i. Induction an action of con¬ 

tiguous particles. If ii. Absolute, charge of matter. 
II iii. Electrometer and inductive apparatus employed. 
If iv. Induction in curved lines. If v. Specific, inductive 
capacity. If vi. General results as to induction. 

If i. Induction an action of contiguous particles. 

1 IGl. The science of electricity is in that state in which 
every pprtdf it requires experimental investigation; not merely 
for the discovery of new effects, hut, what is just now of far 
more importance, the development of the moans by which 
the old effects are produced, and the consequent more accurate 
determination of the first principles of action of the most extra¬ 
ordinary and universal power in nature:—and to those philoso¬ 
phers who pursue the inquiry zealously yet cautiously, combin¬ 
ing experiments with analogy, suspicious of their preconceived 
notions, paying inorcrespect to a fact t han a theory, not too hasty 
to generalize, and above all things, willing at every step to cross- 
examine their own opinions, both by reasoning and experiment, 
no branch of knowledge can afford so fine and ready a field for 
discovery as this. Such is most abundantly shown to be I he 
case by the progress which electricity has made in the last 


* From tlfe Transactions of the Royal Society. 
Vol. IV.—No. 10, July , 18J0. A 
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thirty years: Chemistry and Magnetism have successively 
acknowledged its overruling influence; and it is probable that 
every effect depending upon the powers of inorganic matte;, 
and perhaps most of those related to vegetable and anfmal 
life, will ultimately be found subordinate to it. 

1162. Amongst the acticis of different kinds into which 
electricity has conventionally been subdivided, there is, I 
think, none which excels or even equals in importance that 
called Induction. It is of the most general influence in elec¬ 
trical pheenomena appearing to be concerned in every one of 
them, and has in reality the character of a first, essential, and 
fundamental principle. Its comprehension is so important, 
thatl think we cannot proceed much further in the investiga¬ 
tion of the laws t>f electricity without a more thorough under¬ 
standing of its nature; how otherwise can we hope to com¬ 
prehend the harmony and even unity of action which doubt¬ 
less governs electrical excitement by friction, by chemical 
means, by heat, by magnetic influence, by evaporation, and 
even by the living being? 

1163. In the long-continued course of experimental inquiry 
in which I have been engaged, this general result has pressed 
upon me constantly, namely, the necessity of- admitting two 
forces, or two forms or directions of a force (5 lb. 517.), com¬ 
bined with the impossibility of separating these two forces (or 
electricities) from each other, either in the phenomena of sta¬ 
tical electricity or those of the current. In association with 
this, the impossibility under any circumstances, as yet, of abso¬ 
lutely charging matter of any kind wit h one or t he other elec! ri- 
city dwelt on my mind, and made me wish and search for a 
clearer view than any that 1 was acquainted with, of the way in 
which electrical powers and the particles of matter*are selated; 
especially in inductive actions upon which almost all others 
appeared to rest. 

1164. When l discovered the general fact that electrolytes 
refused to yield their elements to a current when in the solid 
state though they gave them forth freely if in the liquid con¬ 
dition (380. 394. 402.), I thought I saw an opening to the elu¬ 
cidation of inductive action and the possible subjugation of 
many dissimilar pheenomena to one law. For let the electro¬ 
lyte be water, a plate of ice being coated with platina foil on its 
two surfaces, and these coatings connected with any continued 
source of the two electrical powers,“the ice will charge like a 
Leyden arrangement, presenting a case of common induction, 
but nocurrent will pass. If the ice be liquefied, the induction will 
fall to a certain degree, because a current can now pass; but its 
passing is dependent upon a peculiar molecular arrangement 
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of the particles consistent with transfer of the elements of the 
t he electrolyte in opposite directions, the degree of discharge and 
- thy.,quantity of elements evolved being exactly pioportioned to 
eadPtother (377. 7 n 3.). Whether the charging of the metallic 
coating be effected by a powerful electrical machine, a strong 
and large voltaic battery, or a single pair of plates, makes no 
difference in the principle, but dnly in the degree of action 
(360.). Common induction lakes place in each case if the 
electrolyte be solid, or if fluid chemical action anti decomposi¬ 
tion ensue, provided opposing actions do not interfere: and it 
is of high importance occasionally thus to compare effects in 
their extreme degrees, for the purpose of enabling us to 
comprehend the nature of an action in its weak state, which 
may be only sufliciently evident to us in iflj stronger condition. 
As, therefore, in the electrolyte, induction appeared to be 
the first step, arid decomposition the second (the power of 
separating these steps from each other by giving the solid or 
fluid condition being in our hands); as the induction was the 
same in its nature as that through air, glass, wax, &c. pro¬ 
duced by any of the ordinary means; and as the whole effect 
in the electrolyte appeared to be an action of the particles 
thrown into a peculiar or polarized state, l was led to suspect 
that common induction itself was in all cases an action of 
contiguous particles , and that electrical action at a distance 
(i. e. ordinary inductive action) never occurred except through 
the intermediate influence of the intervening matter. 

1165. The respect which I entertain tovjjards the names of 
Epinus, Cavendish, Poisson, and other most eminent men, all 
of whose theories l believe consider induction as an action at 
a distance and in straight lines, long indisposed me to the 
view 1 hjtve jhst stated; and though I always watched for op- 
porturfities to prove the opposite opinion, and made such ex¬ 
periments occasionally as seemed to bear direction the point, 
as, for instance, the examination of electrolytes, solid and 
fluid, whilst under induction by polarized light (951,955.), it is 
only of late, and by degrees, that the extreme generality of the 
subject has urged me still further to extend my experiments 
and publish my view. At present I believe ordinary induc¬ 
tion in all cases to be an action of contiguous particles, con¬ 
sisting in a species of polarity, instead of being an action of 
either particles or masses»at sensible distances: and if this be 
true, the distinction and establishment of such a truth must 
be of the greatest consequence to our further progress in the 
investigation of the nature of electric forces. The linked con¬ 
dition of electrical induction with chemical decomposition; 
of voltaic excitement with chemical action; the transfer ol 

2 A 
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elements in an electrolyte; the original cause of excitement 
in all cases; the nature and relation of conduction and insu¬ 
lation; of the direct and lateral or transverse action consti¬ 
tuting electricity and magnetism; with many other tilings 
more or less incomprehensible at present, would all be affected 
by it, and perhaps receive a full explication in their reduction 
under one general law. • 

1166. I searched for an unexceptionable test of my view 
not merely in the accordance of known facts with it, but in 
the consequences which would flow from it if true; especially 
in those which would not be consistent with the theory of ac¬ 
tion at a distance. Such a consequence seemed to me to pre¬ 
sent itself in the direction in which inductive action could be 
exerted. If in straight lines only, though not perhaps decisive, 
it would be against my view; if in curved lines also, that would 
be a natural result of the action of contiguous particles, but l 
think utterly incompatible with action at a distance, as assumed 
by the received theories, which according to every fact and 
analogy we are acquainted with, is always in straight lines. 

1167. Again, if induction be an action of contiguous par¬ 
ticles, and also the first step in the process of electrolyza.ion 
(1164, 949,), there seemed reason to expect some particular 
relation of it to the different kinds of matter through which it 
would be exerted, or something equivalent to a specific elec¬ 
tric induction for different bodies, which, if it existed, would 
unequivocally prove the dependence of induction on the par¬ 
ticles ; and though this, in the theory of Poisson and others, 
has never been supposed to be the case, I was soon led to 
doubt,the received opinion, and have taken great pains in sub¬ 
jecting this matter to close experimental examination. 

116S. Another ever-present question on my mind-has been 
whether electricity has an actual and independent existence 
as a fluid or'flmds, or was a mere power of matter, like what 
we conceive of the attraction of gravitation. If determined 
either way it would be an enormous advance in our knowledge; 
and as having the most direct and influential bearing on m y 
notions, 1 have always sought for experiments which would in 
any way tend to elucidate that great, question. It was in at¬ 
tempts to prove the existence of electricity separate from mat¬ 
ter, by giving an independent charge of either positive or ne¬ 
gative power to some substance, and the utter failure of all 
such attemps, whatever substa'nce was used or whatever 
means of exciting or evolving electricity were employed, that 
first drove me to look upon induction as an action of the par¬ 
ticles of matter, each having both forces developed in it in ex¬ 
actly equal amount. It is this circumstance,'in connexion 
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with others, which makes me desirous of placing the remarks 
on absolute charge first, in the order of proof and argument, 
which I am about to adduce in favour of my view, that elec¬ 
tric 'Induction is an action of the contiguous particles of the 
insulating medium or di-electric. 

U- ii. On the absolute q/iarge of matter. 

11(39. Can matter, either conducting or non-conducting, 
he charged with one electric force independently of the other 
in the least degree, either in a sensible or latent state l 

1170. The beautiful experiments of Coulomb upon the 
equality of action of conductors, whatever their substance, and 
the residence of all the electricity upon # their surfaces,* are 
sufficient, if properly viewed, to prove that conductors cannot 
be bodily charged; and as yet no means of communicating 
electricity to a conductor so as to relate its particles to one 
electricity, and not at the same time to the other in exactly 
equal amount, has been discovered. 

1171. With regard to electric or non-conductors, the con¬ 

clusion does not at first seem so clear. They may easily be 
electrified bodily, either by communication (1247.) or excite¬ 
ment ; but being so charged, every case in succession, when 
examined, came out to be a case of induction, and not of ab¬ 
solute charge. Thus, glass within conductors could easily 
have parts not in contact with the conductor brought into an 
excited state ; but it was always found that a portion of the 
inner surface of the conductor was in an opposite and equiva¬ 
lent state, or that another part of the glass itself was in an 
equally opposite state, an inductive charge and not an absolute 
charge haviqg been acquired. * 

117£* Well-purified oil of turpentine, which I find to be 
an excellent liquid insulator for most purposes, was put into 
a metallic vessel, and being insulated, was charged, sometimes 
by contact of the metal with the electrical mathine, and at 
others by a wire dipping into the fluid within; but whatever 
the mode of communication, no electricity of one kind was re¬ 
tained by the arrangement, except what appeared on the ex¬ 
terior surface of the metal, that portion being there only by 
an inductive action through the air around. When the oil of 
turpentine was confined in glass vessels, there were at first 
some appearances as if the fyiid did receive an absolute charge 
of electricity from the charging wire, but these were quickly 
reduced to cases* of common induction jointly through the 
fluid, the glass, and the surrounding air. 

* MOmoires de l'Acadernie, 1786, pp. 67, 69,72; 1787. p. 452. 
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1173. I carried these experiments on with air to a very 
great extent. I had a chamber built, being a cube of twelve 
feet in the side. A slight cubical wooden frame was constructed, 
and copper wire passed along and across it in various direc¬ 
tions, so as to make the sides a large net-work, and then all 
was covered in with paper* plaeeu in close connexion with 
the wires, and supplied in every direction with hands of tin- 
foil, that the whole might be brought into good metallic com¬ 
munication, and rendered a free conductor in every part. This 
chamber was insulated in the lecture-room of the Royal In¬ 
stitution ; a glass tube about sijc feet in length was passed 
through its side, leaving about four feet within and two feet 
on the outside, and through this a wire passed from the large 
electrical machine (290) to the air within. By working the 
machine, the air within this chamber could be brought into 
what is considered a highly electrified slate (being, in fact, the 
same state as that of the air of a room in which a powerful 
machine is in operation) and at the same time the outside of 
the insulated cube was everywhere strongly charged. But 
putting the chamber in communication with the perfect dis¬ 
charging train described in a former series (292.), and work¬ 
ing the machine so as to bring the air within to its utmost de¬ 
gree of charge, if I quickly cut off the connexion with the 
machine, and at the same moment or instantly after insulated 
the cube, the air within had not the least power to communi¬ 
cate a further charge to it. If any portion of the air was 
electrified, as glass or other insulators may be charged (l 171), 
it was accompanied by a corresponding opposite action ivithin 
the cube, the whole effect being merely a case of induction. 
Every attempt to charge air bodily and independently with 
the least portion of either electricity failed. ' «< 

1174. I put a delicate gold-leaf electrometer witKin the 
cube, and th§h charged thowhole by an outside communication, 
very strongly for some time together; but neither during the 
charge or after the discharge did the electrometer or air within 
show the least sign of electricity. I charged and discharged 
the whole arrangement in various ways, but in no case could 
I obtain the least indication of an absolute charge; or of one 
by induction in which the electricity of one kind had the small¬ 
est superiority in quantity over the other. I went into the 
cube and lived in it, and using lighted candles, electrometers, 
and all other tests of electrical states, I could not find the least 
influence upon them, or indication of anything particular 
given by them, though all the time the outside of the cube 
was powerfully charged, and large sparks and brushes were 
darting off from every part of its outer surface. The conclu- 
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sion I have come to is, that non-conductors, as well as con¬ 
ductors, have never yet had an absolute and independent charge 
of one electricity communicated to them, and that to $11 ap¬ 
pearance such a state of matter is impossible. 

1175. There is another view of this question which may be 
taken under the supposition of the existence of an electric 
fluid or fluids. It may be impostibic to have the one fluid or 
state in a free condition without its producing by induction the 
other, and yet possible to nave cases in which an insulated por¬ 
tion of matter in one condition being uncharged, shall, by a 
change of state, evolve one electricity or the other: and though 
such evolved electricity might immediately induce the oppo¬ 
site state in its neighbourhood, yet the mere evolution of one 
electricity without the other in the Jirste instance , would be a 
very important fact in the theory which assumes a fluid or 
fluids; these theories as I understand them assigning not the 
slightest reason why such an effect should not occur. 

1176. But on searching for such cases I cannot find one. 
Evolution by friction, as is well known, gives both powers in 
equal proportion. So docs evolution by chemical action, not¬ 
withstanding the great diversity of bodies which may be em¬ 
ployed, and the enormous quantity of electricity which can in 
this manner be evolved (371. 376.861.868.). The more 
promising cases of change of state, whether by evaporation, 
fusion, or the reverse processes, still give both forms of the 
power in eqval proportion ; and the cases of splitting of mica 
and other crystals, the breaking of sulphur, $c, &c., are sub¬ 
ject to the same limitation. 

1177. As far as experiment has proceeded, it appears, there¬ 
fore, impossible either to evolve or make disappear one elec¬ 
tric force without equal and corresponding change in the 
other. It is also equally impossible experimentally to charge 
a portion 6f matter with one electric force independently of 
the other. Charge always implies induction, fpr it can in no 
instance be effected without; and also the presence of the two 

* forms of power, equally at the moment of development and 
afterwards. There is no absolute charge of matter with one 
fluid; no latency of a single electricity. This though a nega¬ 
tively result is an exceedingly important one, being probably 
the consequence of a natural impossibility, which will become 
clear to us when we understand the true condition and theory 
of the electric power. • 

1178. The. preceding considerations already point to the 
following conclusions: bodies cannot be charged absolutely, 
but only negatively, and by a principle which is the same with 
that of induction. All charge is sustained by induction. All 
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phenomena of intensity include the principle of induction. All 
excitation is dependent on or directly related to induction. All 
currents involve previous intensity and therefore previous in¬ 
duction. Induction appears to be the essential function -both 
in the first development and the consequent phenomena of 
electricity. 

If iii. Electrometer and inductive apparatus employed. 

m 

1179. Leaving for a time the further consideration of the 
preceding facts until they can be collated with other results 

, bearing directly on the great question of the nature of induc¬ 
tion, I will now describe the apparatus I have had occasion 
to use; and in proportion to the importance of the principles 
sought to be established is the necessity of doing this so clearly 
as to leave no doubt of the results behind. 

1180. Electrometer. The measuring instrument I have em¬ 
ployed has been the torsion balance electrometer of Coulomb, 
constructed, generally, according to his instructions,* but with 
certain variations and additions, which I will briefly describe. 
The lower part was a glass cylinder eight inches in height and 
eight inches in diameter; the tube for the torsion thread 
was seventeen inches in length. The torsion thread itself was 
not of metal, but glass, according to the excellent suggestion 
of the late Dr. Ritchie.f It was twenty inches in length, and 
of such tenuity that when the shell lac lever and attached ball, 
&c. were connected with it, they made about ten vibrations in 
a minute. It woubl bear torsion through four revolutions, or 
1440°, and yet when released, return accurately to its po¬ 
sition ; probably it would have borne considerably more than 
this without injury. The repelled ball was of pith, gilt, and 
was 0*3 of an inch in diameter. The horizontal stem m lever 
supporting it was of shell lac, according to Coulomb’s direc¬ 
tion, the arm \3arrying the Ipdl being 2‘4 inches long and the 
other only 1*2 inches: to this was attached the vane, also de¬ 
scribed by Coulomb, which I found to answer admirably its 
purpose of quickly destroying vibrations. That the inductive ’ 
action within the electrometer might be uniform in all posi¬ 
tions of the repelled ball and in all states of the apparatus, 
two bands of tin foil, about an inch wide each, were attached 
to the inner surface of the glass cylinder, going entirely round 
it at a distance of 0*4 of an inch from each other, and at 
such a height that the intermediate clear surface was in the 
same horizontal plane with the lever and ball. ■ These bands 

* Memoires de 1’Academic, 1785, p. 570. 

f Phil. Trans., 1830. 
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were connected with each other and with the earth, and, being 
perfect conductors, always exerted a uniform influence on the 
electrified balls within, which the glass surface, from its irre¬ 
gularity of condition at different times, I found, did not. 
For the purpose of keeping the air within the electrometer in 
a constant state as to dryness, a glass dish, of such size as to 
enter easily within the cylinder, jiad a layer of fused potash 
placed within it, and this being covered with a disc of fine 
wire gauze to render its inductive action uniform at all parts, 
was placed within the instrument at the bottom and left there. 

1181. The moveable ball used to take and measure the por¬ 
tion of electricity under examination, and which may be called* 
the repelling , or the carrier, ball, was of soft alder wood, well 
and smoothly gilt. It was attached to 9 fine shell lac stem, 
and introduced through a hole into the electrometer accord¬ 
ing to Coulomb’s method: the stem was fixed at its upper end 
in a block or vice, supported on three short feet: and on the 
surface of the glass cover above was a plate of lead with stops 
on it, so that when the carrier ball was adjusted in its right 
position, with the vice above bearing at the same time against 
these stops, it was peifectly easy to bring away the carrier 
ball and restore it to its place again very accurately, without 
any loss of time. 

1182. It is quite necessary to attend to certain precautions 
respecting these balls. If of pith alone they are bad; for 
when very dry, that substance is so imperfect a conductor 
that it neither receives nor gives a charge freely, and so, after 
contact with a charged conductor, isliabltf to be in an lumper- 
tain condition. Again, it is difficult to turn pith so smoothly 
as to leave the ball, even when gilt, sufficiently free from irre¬ 
gularities ef form, as to retain its charge' undiminished for 
a considerable length of time. When therefore the balls 
are finally prepared and gilt they should be ^examined, and 
being electrified, unless they calf hold their cHarge with very 
little diminution for a considerable time, and yet be discharged 
instantly and perfectly by the touch of an uninsulated con¬ 
ductor, they should be dismissed. 

1183. It is, perhaps, unnecessary to refer to the graduation 
of the instrument, further than to explain how the observations 
were made. On a circle or ring of paper on the outside of 
the glass cylinder, fixqd so as to cover the internal lower 
ring of tin foil, were marked four points corresponding to an¬ 
gles of 90°; four other points exactly corresponding to these 
points being marked on the upper ring of tin foil within. By 
these and the adjusted screws, on which the whole instrument 
stands, the*glass torsion thread could be brought accurately 
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into the centre of the instrument and of the graduations on 
it. From one of the four points on the exterior of the cylin¬ 
der a graduation of 10° was set off, and a corresponding gra¬ 
duation-was placed upon the upper tin foil on the opposite 
side of the cylinder within; and a dot being marked on that 
point of the surface of the repelled ball nearest to the side of 
the electrometer, it was easyi by observing the line which this 
dot made with the lines of the two graduations just referred 
to, to ascertain accurately the position of the ball. The upper 
end of the glass thread was attached, as in Coulomb’s original 
electrometer, to an index, which had its appropriate graduated 

* circle, upon which the degree of torsion was ultimately to be 
read off. 

1184. After the levelling of the instrument and adjustment 
of the glass thread, the blocks which determine the place of 
the carrier hall are to be regulated (1181) so that, when the 
carrier arrangement is placed against them, the centre of the 

« ball may be in the radius of the instrument corresponding to 
0° on the lower graduation or that on the side of the electro¬ 
meter, and at the same level and distance from the centre as 
the repelled hall on the suspended torsion lever. Then the 
torsion index is to be turned until the ball connected with it 
(the repelled ball) is accurately at 30°, and finally the gra¬ 
duated arch belonging to the torsion index is to be adjusted so 
as to bring 0° upon it to the index. This state of tne instru¬ 
ment was adopted as that which gave the most direct expres¬ 
sion of the experimental results, and in the form having few- 
est^ariable errors'; the angular distance of 30° being always 
retained as the standard distance to which the balls were in 
every case to be brought, and the whole of the torsion being 
read off at once on the graduated circle above. Under these 

circumstances the distance of the balls from each otlier* was 
not merely thqjsame in degree, but their position in the in¬ 
strument, and in relation to every part of it, was actually the 
same every time that a measurement was made ;*so that all 
irregularities arising from slight difference of form and action 
in the instrument and the bodies around were avoided. The 
only difference which could occur in the position of anything 
within, consisted in the deflexion of the torsion thread from a 
vertical position, more or less, according to the force of re¬ 
pulsion of the balls; but this was so slight as to cause no in¬ 
terfering difference in the symmetry ol form within the in¬ 
strument, and gave no error in the amount of torsion force 
indicated on the graduation above. 

1185. Although the constant angular distance of 30° be¬ 
tween the centres of the balls was adopted, and found abun- 
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dantly sensible, for all ordinary purposes, yet the facility of 
rendering the instrument far more sensible, by diminishing 
this distance was at perfect command ; the results at different 
distances being very easily compared with each otydt either 
by experiment, or, as they are inversely as the squares of the 
distances, by calculation. 

1186. The Coulomb balance electrometer requires expe¬ 
rience to be understood; but I think it a very valuable instru¬ 
ment in the hands of those who will take pains by practice and 
attention to learn the precautions needful in its use. Its insu¬ 
lating condition varies with circumstances, and should be ex¬ 
amined before it is employed in experiments. In an ordinary 
and fair condition, when the balls were so electrified as to give 
a repulsive torsion force of400* at the standard distance of 30° 
it took nearly four hours to sink to .50° at the same distance ; 
the average loss from 400° to 300° being at the rate of 2 l, 7 
per minute, from 300° to 20h u of 1°‘ 7 per minute, from 200* 
to 100'' of l°-3 per minute, and from 100° to 50" of 0 o, 87 per* 
minute. As a complete measurement by the instrument may 
be made in much lessritfian a minute, the amount of loss in 
that time is but small, and can easily be taken into account. 

1187. The inductive apparatus .—My object was toexamine 
inductive action carefully when taking place through different 
media, for which purpose it \uis necessary to subject these 
media to it in exactly similar circumstances, and in such quan¬ 
tities as should suffice to eliminate any variations they might 
present. The requisites of the apparatus to be constructed 
were, therefore, that the inducting surfaces of the conductors 
should have a constant form and state, and be at a constant 
distance from each other; and that either solids, or fluids, or 
gases # might be placed and retained between these surfaces 
wifch readiness and certainty, and for any length of time. 

1188. The apparatus used may be described in general 
terms as consisting of two metallic spheres of unequal diame¬ 
ter, place!!, the smaller within the larger, and concentric with 
it; the interval between the two being the space through 
which the induction was to take place. A section of it is 
given (fig. 1, Plate I.) a , a, are the two halves of a 
brass sphere, with an air-tight joint at b, like that of the 
Magdeburg hemispheres, made perfectly flush and smooth 
inside so as to presept no irregularity; c is a connecting 
piece by which the apparatus is joined to a good stop-cock 
d, which is itself attached either to the metallic foot e, or to 
an air pump. The aperture within the hemisphere at / is very 
small; g is a brass collar fitted to the upper hemisphere, 
through which the shell lac support of the inner ball and its 
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stem passes; h is the inner ball, also of brass; it screws on to 
a brass stem i, terminated above by a brass ball B; /, / is a 
mass of shell lac, moulded carefully on to i, and serving both 
to supp^J and insulate it and its balls h, B. The shell-lac 
stem l is titled into the socket g, l>y a little ordinary resinous 
cement, more fusible than shell lac, applied titmm in such a 
way as to give sufficient strength and render the apparatus 
air-tight there, yet leave as much as possible of the lower 
part of the shell-lac stem untouched, as an insulation between 
the ball h and the surrounding sphere a, a. The ball h has 
a small aperture at n , so that when the apparatus is exhausted 
of one gas and filled with another, the ball h may itself also 
be exhausted and filled, that no variation of the gas in the 
interval o may occur during the course of an experiment. 

1189. The inner ball has a diameter of 2.33 inches, and the 
surroundingsphere an internal diameter of 3.57inches. Hence 
the width of the intervening space, through which the induction 

* is to take place, is 0.62 of an inch; and the extent of this place 
or plate, i.e. the surface of a medium sphere, may be taken as 
twenty-seven square inches, a quantity considered as suffi¬ 
ciently large for the comparison of different substances. 
Great care was taken in finishing well the inducing surfaces 
of the ball h and sphere a, a ; and no varnish or lacquer was 
applied to them, or to any part of the metal of the apparatus. 

1190. The attachment and adjustment of the shell-lac stem 
was a matter requiring considerable care, especially as, in con¬ 
sequence of its cracking, it had frequently to be renewed. 
The best lac was chosen and applied to the wire i, so as to 
be in good contact with it everywhere, and in perfect conti¬ 
nuity throughout its own mass. It was not thinner than is 
given by proportion in the drawing, for when less it-frequently 
cracked within a few hours after its cooling. I. think that 
very slow cooljpg or annealing improved its quality in this 
respect. The collar g was made as thin as could be, that the 
lac might be as large there as possible. In order thkt at every 
re-attachment of the stem to the upper hemisphere the ball h 
might have the same relative position, a gauge p (fig. 2) was 
made of wood, and this being applied to the ball and hemi¬ 
sphere whilst the cement at m was still soft, the bearings of 
the ball at q q, and the hemisphere at r r, were forced home, 
and the whole left until cold. Thus all difficulty in the ad¬ 
justment of the ball in the sphere was avoided. 

1191. I had occasion at first to attach the stem to the 
socket by other means, as a band of paper or a plugging of 
white silk thread; but these were very inferior to the cement, 
interfering much with the insulating power of the apparatus. 
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1192. The retentive power of this apparatus was, when in 
good condition, better than that of the electrometer (11F6), 
i. e. the proportion of loss of power was less. Thus wj^en the 
apparatus was electrified, and also the balls in tbrelectro- 
meter, to such a degree, that after the inner ball had been in 
contact with the top of k of the ball of the apparatus, it 
caused a repulsion indicated by 600° of torsion force, then in 
falling from 000° to 400° the average loss was 8°.6 per minute; 
from 4C0° to 3C0° the average loss was 2°.6 per minute; from 
300° to 200° it was 1°.7 per minute; from 200° to 170* it was 
1° per minute. This was after the apparatus had been charged 
for a short time; at the first instant of charging there is an 
apparent loss of electricity, which can only be comprehended 
hereafter (1207. 1250.). 

1193. When the apparatus loses its insulating power sud¬ 

denly, it is almost always from a crack near to or within the 
brass socket. These cracks are usually transverse to the 
stem. If they occur at the part attached by common cement' 
to the socket, the air cannot enter, and being then as a vacua, 
they conduct away th*electricity and lower the charge, as 
fast almost as if a piece of metal had been introduced there. 
Occasionally stems in this state, being taken out and cleared 
from the common cement, may, by the careful application of 
the heat of a spirit lamp, be so far softened and melted as to 
renew perfect continuity of the parts; but if that does not 
succeed in restoring things to a good condition, the remedy 
is a new shell-lac stem. , 

1194. The apparatus when in order could easily be ex¬ 
hausted of air and filled with any given gas; but when that 
gas was acid or alkaline, it could not properly be removed by 
the ais-puihp, and j et required to be perfectly cleared away. 
In kuch cases the apparatus was opened and cleared; and 
with respect to the inner ball /*, it was washed out two or 
three timeg with distilled water introduced at the screw hole, 
and then being heated above 212°, air was blown through to 
render the interior perfectly diy. 

1195. The inductive apparatus described is evidently a 
Leyden phial, with the advantage, however, of having the di¬ 
electric or insulating medium changed at pleasure. The balls 
h and B, with the connecting wire i, constitute the charged 
conductor, upon the surface of which all the electric force is 
resident by virtue of induction (1178). Now though the 
largest portion of this induction is between the ball h and the 
surrounding sphere a a, yet the wire i and the ball B deter¬ 
mine a part of the induction from their surfaces towards the 
external sifrrounding conductors. Still, as all things in that 
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respect remain the same, whilst the medium within at o o may 
he varied, any changes exhibited by the whole apparatus will 
in such cases depend upon the variations made in the interior; 
and it \&s these changes I was in search of, the negation or 
establishment of such differences being the great object of my 
inquiry. I considered that these differences, if they existed, 
would be most distinctly settforth by having two apparatus of 
the kind described, precisely similar in every respect; and 
then, different insulating media being within, to charge one 
and measure it, and after dividing the charge with (he other, 
to observe what the ultimate conditions of both were. If in¬ 
sulating media really had any specific differences in favouring 
or opposing inductive action through them, such differences, 
1 conceived, could not fail of being developed by such a pro¬ 
cess. 

119(5. I will wind up this description of the apparatus, and 
explain the precautions necessary in their use, by describing 
the form and order of the experiments made to prove their 
equality when both contained common air. In order to fa¬ 
cilitate reference I will distinguish the'two by the terms App. 
i. and App. ii. 

1197. The electrometer is first to be adjusted and examined 
(1184), and the app. i. and ii. are to be perfectly discharged. 
A Leyden phial is to be charged to such a degree that it would 
give a spark of about one sixteenth or one twentieth of an inch 
in length between two balls of half an inch diameter; and the 
carrier ball of the electrometer being charged by this phial, is 
to be introduced into th& electrometer, and the lever ball 
brought by the motion of the torsion index against it; the 
charge is thus divided between the balls, and repulsion ensues. 
It is useful then to bring the repelled ball to the slftmkq'd dis¬ 
tance of 30° by the motion of the torsion index, and observe 
the force in degrees required for this purpose; this force will 
in future experiments be called repulsion of the balls. 

1198. One of the inductive apparatus, as for instance, app. 
i., is now to be charged from the Leyden phial, the latter 
being in the state it was in when used to charge the balls; 
the carrier ball is to be brought into contact with the top of 
its upper ball ( k. fig. 1), then introduced into (he electrome¬ 
ter, and the repulsive force (at the distance of 30°) measured. 
Again, the carrier should be applied, to the app. i. and the 
measurement repeated; the apparatus i. and ii. are then to be 
joined, so as to divide the charge, and afterwards the force of 
each measured by the carrier ball, applied as before, and the 
results carefully noted. After this both i. and ii. are to bo 
discharged; then app. ii. charged, measured, divided with 
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app. i., and the force of each again measured and noted. If 
in each case-the half charges of app. i. and ii. are equal, and 
are together equal to the whole charge before division, Oten it 
may be considered as proved that the two apparatus*£?re pre¬ 
cisely equal in power, and fit to be used in cases of comparison 
between different insulating media or dielectrics. 

1199. But the precautions necessary to obtain accurate re¬ 
sults are numerous. The apparatus i. and ii. must always be 
placed on a thoroughly uninsulating medium. A mahogany 
table, for instance, is far from satisfactory in this respect, and 
therefore a sheet of tin foil, connected with an extensive dis¬ 
charging train ('-92.), is what I have used. They must be so 
placed also as not to be too near each other, and yet equally 
exposed to the inductive influence of surrounding objects; and 
these objects, again, should not be disturbed in their position 
during an experiment, or else variations of induction upon 
the external ball B of the apparatus may occur, and so errors 
be introduced into the results. The carrier ball, when re¬ 
ceiving its portion of electricity from the apparatus, should 
always be applied at the Same part of the ball, as, for instance, 
the summit k , and always in the same way; variable induction 
from the vicinity of the head, hands, &c. being avoided, and 
the ball after contact being withdrawn upwards in a regular 
and constant manner. 

1200. As the stem had occasionally to be changed (1190.), 
and the change might occasion slight variations in the position 
of the ball within, I made such a variation purposely, to the 
amount of an eighth of an inch (which is far more than ever 
could occur in practice), but did not find that it sensibly altered 
the relation of the apparatus, or its inductive condition as a 
vihole. Another trial of the apparatus was made as to the 
effect*of J dampness in the air, one being filled with very dry 
air, and the other with air from over water. ^Though this 
produced no change in the result, except an occasional tend¬ 
ency to more rapid dissipation, yet the precaution was always 
taken when working with gases (1290.) to dry them per¬ 
fectly. 

1201. It is essential that the interior of the apparatus should 
b & perfectly free from dust or small loose particles, for these 
very rapidly lower the charge and interfere on occasions when 
their presence and action would hardly be expected. To 
breathe on the interior of the apparatus and wipe it out quietly 
with a clean silk handkerchief, is an effectual way of removing 
them; but then the intrusion of other particles should be care¬ 
fully guarded against, and a dusty atmosphere should for this 
and several other reasons be avoided. 
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1202. The shell lac stem requires occasionally to be well 
wiped, to remove, in the first instance, the film of wax and 
adheres matter which is upon it ; and afterwards to displace 
dirt anoMust which will gradually attach to it in the Course 
of experiments. 1 have found much to depend upon this 
precaution, and a silk handkerchief is the best wiper. 

1203. But wiping and some other circumstances tend to 
give a charge to the surface of the shell lac stem. This should 
be removed, for, if allowed to remain, it very seriously atfects 
the degree of charge given to the carrier ball by the apparatus 
(1232). This condition of the stem is best observed by dis¬ 
charging the apparatus, applying the carrier ball to the stem, 
touching it with the finger, insulating and removing it, and 
examining whether ft; has received any charge (by induction) 
from the stem ; if it has, the stem itself is in a charged state. 
The best method of removing the charge I have found to be, 
to cover the finger with a single fold of a silk handkerchief, 
and breathing on the stem, to wipe it immediately after with 
the finger, the ball B and its connected wire, &e. being at the 
same time uninsulated: the wiping place of the silk must not 
be changed; it then becomes sufficiently damp not to excite 
the stem, and is yet dry enough to leave it in a clean and ex¬ 
cellent insulating condition. If the air be dusty, it will be 
found that a single charge of the apparatus will bring on an 
electric state of the outside of the stem, in consequence of the 
carrying power of the particles of dust; whereas in the morn¬ 
ing, and in a room which has been left quiet, several experi¬ 
ments can be made in succession without the stem assuming 
the least degree of charge. 

1204. Experiments should not be made by candle or lamp 
light except with much care, for flames have gifcat and yet 
unsteady powers of affecting and dissipating electrical charges. 

1205. Asa final observation on the state of the apparatus, 
they should retain their charge well and uniformly, and alike 
for both, and at the same time allow of a perfect and instant¬ 
aneous discharge, giving them no charge to the carrier ball, 
whatever part of the ball B it may be applied to H218.). 

1206. With respect to the balance electrometer all the pre¬ 
cautions that need be mentioned, are, that the carrier ball is 
to be preserved during the first part of an experiment in its 
electrified state, the loss of electricity which would follow upon 
its discharge being avoided ; and, 'that in introducing it into 
the electrometer through the hole in the^lass plate above, 
care should be taken that it do not touch, or even come near 
to, the edge of the glass. 
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1207. When the whole charge in one apparatus is divided 
between the two, the gradual fall, apparently from dissipation, 
in the apparatus which has received the halt charge isg*eater 
than'in the one originally charged. This is due to •^’peculiar 
effect to be described hereafter (1250.1251.), the interfering 
influence of which may be avoided to a great extent by going 
through the steps of the process rfegularly and quickly; there¬ 
fore, after the original charge has been measured, in app. i. 
for instance, i. and ii. are to be symmetrically joined by their 
balls B, the carrier touching one of these balls at the same 
time ; it is first to be removed, and then the apparatus sepa¬ 
rated from each other ; app. ii. is next quickly to be measured 
by the carrier, then app. i.; lastly, ii. is to he discharged, and 
the discharged carrier applied to it to ascertain whether any 
residual effect is present (1205.), and app. i. being discharged 
is also to be examined in the same manner and for the same 
purpose. 

1208. The following is an example of the division of a 
charge by the two apparatus, air being the dielectric in both 
of them. The observations are set down one under the other 
in the order in which they were taken, the left hand numbers 
representing the observations made on app. i. and the right * 
hand numbers those on app. ii. App. i. is that which was 
originally charged, and after two measurements, the charge 
was divided with app. ii. 

App. i. " App. ii. 

Balls 100° 

. 0 ° 

254°. 


divided and instantly taken 

.122 

124. 

1. after being discharged. 

. 2 after being discharged. 

1209. Without endeavonring to allow for the loss which 
must have been gradually going on during the time of the ex¬ 
periment, let us observe the results of the numbers as they 
stand. As l * remained in app. i. in an undischargeable state, 
249° may be taken as thb utmost amount of the transferable 
or divisible charge, the hair of which is I24°*5. As app. ii. 
was free of charge in thefirStinstance, and immediately after 
the division was found with 122°, this amount at least maybe 
taken as what it had received. On the other hand 124° minus 
1°, or 123°, may be taken aathe half of the transferable charge 
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retained by app. i. Now these do not differ much from each 
other,'or from 124° 5, the half of the full amount of transfer¬ 
able charge; and when the gradual loss of charge evident in 
the diifejpnce between 254° and 250° of app. i. is also taken 
into account, there is every reason to admit the result as show¬ 
ing an equal division of charge, unattended by any disappear¬ 
ance of power except that due to dissipation. 

1210. I will give another result, in which app. ii. was first 
charged, and where the residual action of that apparatus was 
greater than in the former case. 

App. i. App. ii. 

Balls 150° 

.152° 

.148 

divided and instantly taken 

70°. 

.78 

. 5 immediately after discharge. 

0.immediately after discharge. 

1211. The transferable charge being 148°—5°, its half is 
7l°‘5, which is not far removed from 70 ’, the half charge of 

* i.; or from 73°, the half charge of ii.: these half charges again 
making up the sum of 113°, or just the amount of the whole 
transferable charge. Considering the errors of experiment, 
therefore, these results may again be received as showing that 
the apparatus wqye equal in inductive capacity, or in their 
powers of receiving charges. 

1212. The experiments were repeated with charges of ne¬ 
gative electricity, with the same general results. 

1213. That 1 might be sure of the sensibility and action of 
the apparatus, I made such a change in one as ought upon 
principle to increase its inductive force, i. e. I put a metallic 
lining into the lower hemisphere of app. i., so as to diminish 
the thickness of the intervening air in that part, from 062 to 
0 435 of an inch : this lining was carefully shaped and rounded 
so that it should not present a sudden projection within at its 
edge, but a gradual transition from the reduced interval in the 
lower part of the sphere to the larger one in the upper. 

1214. This change immediately caused app. i. to produce 
effects indicating that it had a greater aptness or capacity for 
induction than app. ii. Thus, when a transferable charge in 
app. ii. of 469° was divided with app. i., the former retained 
a charge of 225% whilst the latter showed one of 227°, i. e. 
the former had lost 244° in communicating 227° to the latter: 
on the other hand, when app. i. had a transferable charge in 
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if. of 381° divided by contact \yith app. ii., it lost 181° only, 
whilst it gave to app. ii. as many as 194°:—the sum of the di¬ 
vided forces being in the first instance less, and in the second 
instance greater than the original undivided charge,^These 
results-are the more striking, as only one half of the interior 
of app. i. was modified, and they show that the instruments 
are capable of bringing out differences in inductive force from 
amongst the errors of experiment, when these differences are 
much less than that produced by the alteration made in the 
present instance. 

If iv. Induction in curved lines. 

121/5. Amongst those results deduced from the molecular 
view of induction (1100.), which, being of a peculiar nature, 
are the best tests of the truth or error of the theory, the 
expected action in curved lines is, I think, the most important 
at present; for, if shown to take place in an unexceptionable 
manner, 1 do not see how the old theory of action at a dis¬ 
tance and in straight lines can stand, or how the conclusion 
that ordinary induction is an action of contiguous particles 
can he resisted. 

121(5. There are many forms of old experiments which 
might be cpioted as favourable to, and consistent with the 
view I have adopted. Such are most cases of electro-che- 
mioal decomposition, electrical brushes, auras, sparks, &c.; 
but as these might be considered equivocal evidence, inasmuch 
as they include a current and discharge (tlfbugh they have 
long been to me indications of prior molecular action (1230.)), 
I endeavoured to devise such experiments for first proofs as 
should not include transfer, but relate altogether to the pure 
simplejnductive action of statical electricity. 

1217. It was also of importance to make these experiments 
in the simplest possible manner, using not more than one in¬ 
sulating medium or dielectric at a time, lest differences of 
slow conduction should produce effects which might errone¬ 
ously be supposed to result from induction in curved lines. 
It will be unnecessary to describe the steps of the investigation 
minutely; I will at once proceed to the simplest mode of 
proving the facts, first in air and then in other insulating 
media. 

1218. A cylinder of solid .shell-lac, 0 9 of an inch in dia¬ 
meter and seven inches in length, was fixed upright in a 
wooden foot (fig. 3.): it was made concave or cupped at its 
upper extremity so that a brass ball or other small arrange¬ 
ment could stand upon it. The upper half of the slem having 
been excited negatively by friction with warm flannel, a brass 

112 
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ball, B, 1 inch in diameter, was placed on the top, anil then 
the whole arrangement, examined by the carrier ball and 
Coulomb’s electrometer (1 ISO. &c.). For this purpose the 
balls oHhe electrometer were charged positively to about 3(50°, 
and then the carrier being applied to various parts of the ball 
B, the two were uninsulated whilst in contact or in position, 
then insulated,* separated* and the charge of the carrier ex¬ 
amined as to its nature and force. Its electricity was always 
positive 1 , and its force at the different positions a, b, c, d, See. 
(tig. 3. ami 4.) observed in succession, was as follows : 

at a.above 1000° 

b it was.149 

c.270 

d .. 512 

b . 130 

1219. To comprehend the full force of these results, it must 
first be understood, that all the charges of the ball B and the 
carrier are charges by induction, from the action of the excited 
surface of the shell lac cylinder ; for whatever electrify the 
ball B received by communication from the shell lac, either 
in the first instance or afterwards, was removed by the un¬ 
insulating contacts, only that due to induction remaining; 
and this is shown by the charges taken from the ball in this 
its uninsulated state being always positive, or of the contrary 
character to the electricity of the shell-lac. In the next 
place the charges at a, c, and d were of such a nature as 
might be expected from an inductive action in straight lines, 
but that obtained at b is not so: it is clearly a charge by in¬ 
duction, but induction in a curved line; for the carrier ball 
whilst applied to b, and after its removal to a distance of six 
inches or more from B, could not, in consequence ot‘ the size 
of B, be connected by a straight line with any part of the 
excited an4 inducing shell-lac. 

1220. To suppose that the upper part of the uninsulated hall 
B, should in some way be retained in an electrified state by that 
portion of the surface which is in sight of the shell-lac, would 
be in opposition to what we know already of the subject. 
Electricity is retained upon the surface of conductors only by 
induction (1178 .); and though some persons may not be pre- 

* It can hardly be necessary for me to say here, that whatever 
general state the carrier ball acquired in any place where it was 
uninsulated and then insulated, it retained on removal from that 
place, notwithstanding that it might pass through other places, that 
would have given to it, if uninsulated, a different cbndition. 
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pared as yet to admit this with respect to insulated conductors 
all will as regards uninsulated conductors like the hall B, 
and to decide the matter we have only to place the carried ball 
at e (fig. 4.), so that it shall not come in contactwith 13, 
uninsulate it by a metallic rod descending perpendicularly, 
insulate it, remove it, and examine its state : it will be found 
charged with the same kind of electricity as, and even to a 
higher degree (1224.) than, if it had been in contact with the 
summit of B. w< 

1221. To suppose, again, that induction acts in some way 
through or across the metal of the ball, is negatived by the 
simplest considerations; but a fact in proof will be better. 
If instead of the ball B a small disc of 4 inetal be used, the 
carrier may be charged at, or above the middle of its upper 
surface; but if the plate be enlarged to about 1 1 or 2 inches 
in diameter, C (fig. 5.), then no charge will be given to the 
carrier at/, though when applied nearer to the edge at g, or 
even above the middle at h, a charge will be obtained; and 
this is true though the plate may be a mere thin film of gold- 
leaf. Hence it is clear that the induction is not through the 
metal, but through the air or dielectric, and that in curved 
lines. 

1222. I had another arrangement, in which a wire passing 
downwards through the middle of the shell-lac cylinder to the 
earth, was connected with the ball B (fig. (5.) so as to keep it 
in a constantly uninsulated state. This was a very convenient 
form of apparatus, and the results with it Were the same as 
those described. 

1223. In another case the ball B was supported by a shell- 
lac stem, independently of the excited cylinder of shell-lac, 
and nt bnlf an inch distance from it; but the effects were the 
same. Then the brass ball of a charged Leydeiyar was used 
in place of the excited shell-lac to produce induction; but 
this caused no alteration of the phenomena. Both positive 
and negative inducing charges were tried with the same 
general results. Finally, the arrangement was inverted in 
the air for the purpose of removing every possible objection 
to the conclusions, but they came out exactly the same. 

1224. Some results obtained with a brass hemisphere in¬ 
stead of the ball B were exceedingly interesting. It was 1'36 
of an inch in diameter, (fig, 7.), and being placed on the top 
of the excited shell-lac cylinder, the earner ball was applied, 
as in the former experiments (1218.), at the respective posi¬ 
tions delineated in the figure. At i the force was 112°, at k 
108 , at / 65°, at m 35°; the inductive force gradually 
diminishing, as might have been expected, to this point. 



22 Dr. Faraday’s experimental researches in electricity. 

But on raising the carrier to the position n the charge in¬ 
creased to 87”; and on raising it still higher to o, the charge 
still ftyther increased to 105° : at a higher point still, p, the 
charge fti4ten was smaller in amount, being 98°, and continued 
to diminish for more elevated positions. Here the induction 
fairly turned a corner. Nothing, in fact, can better show 
both the curved lines or courses of the inductive action, dis¬ 
turbed as they are from their rectilineal form by the shape, 
position^ and condition of the metallic hemisphere ; and also 
a lateral tension, so to speak, of these lines on one another : 
all depending, as I conceive, on induction being an action of 
the contiguous particles of the dielectric thrown into a state of 
polarity and tension, and mutually related by their forces in 
all directions. 

1225. As another proof that the whole of these actions 
were inductive, I may state a result which was exactly what 
might he expected, namely, that if uninsulating conducting 
matter was brought round and near to the excited shell-lac 
stem, then the inductive force was directed towards it, and 
could not be found on the top of the hemisphere. Removing 
this matter the lines of force resumed their former direction. 
The experiment affords proofs of the lateral tension of' these 
lines, and supplies a warning to remove such matter in re¬ 
peating the above investigation. 

1226. After these results on curved inductive action in air 
I extended the experiments to other gases, using first carbonic 
acid and then hydrogen: the phamomena were precisely 
those already described. In these experiments I found that 
if the gases were confined in vessels they required to he very 
large, for whether of glass or earthenware, the conducting 
power of such materials is so great that the inductien pf the 
excited shelldac cylinder towards them is as much is if they 
were'metal; and if the vessels he small, so great a portion of 
the inductive force is determined towards them that the lateral 
tension or mutual repulsion of the lines of force before spoken 
of (1224.), by which their inflection is caused, is so much re¬ 
lieved in other directions, that no inductive charge will be 
given to the carrier ball in the positions k, l, m, n , o, p, (fig. 7.). 
A very good mode of making the experiment is to let large 
currents of the gases ascend or descend through the air, and 
carry on the experiments in these currents. 

1227. These experiments were then varied by the substitu- 
iton of a liquid dielectric, namely, oil of turpentine, in place 
of air and gases. A dish of thin glass well covered with a 
film of shell-lac (1272.), and found by trial to v insulate well, 
had some highly rectified oil of turpentine put into it to the 
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depth of half an inch, and being then placed upon the top of 
the brass hemisphere, (fig. 7.) observations were made with 
the carrier ball as before (12i4.). The results were the c Aine, 
and the circumstance of some of the positions beirg'within 
the fluid and some without, made no sensible difference. 

1228. Lastly, I used a few solid dielectrics for the same 
purpose, and with the same results. These were shell-lac, 
sulphur, fused and cast borate of lead, flint glass well covered 
with a film of lac, and spermaceti. The following»was the 
form of experiment with sulphur, and all were of the same 
kind. A square plate of the substance, two inches in extent 
and 0*6 of an inch in thickness, was cast with a small hole or 
depression in the middle of one surface to receive the carrier 
ball. This was placed upon the surface of the metal hemi¬ 
sphere (fig. 9.) arranged on the excited lac as informer cases, 
and observations were made at n, o, p, and q. Great care 
was required in these experiments to free the sulphur or other 
solid substance from any charge it might previously have 
received. This was done by breathing and wiping (1203.), 
and the substance being found free from all electrical excite¬ 
ment, was then used in the experiment; after which it was 
removed and again examined, to ascertain that it had received 
no charge, but had acted really as a dielectric. With all 
these precautions the results were the same; and it is thus 
very satisfactory to obtain the curved inductive action through 
solid bodies , as any possible effect from the translation of 
charged particles in fluids or gases, which some persons might 
imagine to be the case, is here entirely negatived. 

1229. In these experiments with solid dielectrics, the degree 
of charge, assumed by the carrier ball at the 'situations n, o, p 
(fig. 9.)r was decidedly greater than that given to the ball at 
the same places when air only intervened between it and the 
metal hemisphere. This effect is consistent with what will 
hereafter be found to be the respective relations of these 
bodies, as to their power of facilitating induction through them 
(1269.1273.1277.). 

1230. I might quote many other forms of experiment, some 
old and some new, in which induction in curved or contorted 
lines takes place, but think it unnecessary after the preceding 
results ; 1 shall therefore mention but two. If a conductor 
A, (fig. 8.) be electrified, ‘and an uninsulated metallic ball B, 
or even a plate, provided the edges be not too thin, be held 
before it, a small electrometer at c or at d, uninsulated, will 
give signs of electricity, opposite in its nature to that of A, 
and therefor^ caused by induction, although the influencing 
and influenced bodies cannot be joined by a right line passing 
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through the air. Or if, the electrometers being removed, a 
point be fixed at the back of the ball in its uninsulated state 
as a%*C, this point will become luminous and discharge the 
conductor A. The latter experiment is described by Nichol¬ 
son,* who*, however, reasons erroneously upon it. As to its 
introduction here, though it is a case of discharge, the dis¬ 
charge is preceded by induction, and that induction must be 
in curved lines. 

1231. As argument against the received theory of induc¬ 
tion and in favour of that which 1 have ventured to put forth, 
I cannot see how the preceding results can be avoided. The 
effects are clearly inductive effects produced by electricity, 
not in currents but in its statical state, and this induction is 
exerted in lines of force which, though in many experiments 
they may be straight, are here curved more or less according 
to circumstances. I use the term line of inductive force merely 
as a temporary conventional mode of expressing the direction 
of the power in cases of induction; and in the experiments with 
the hemisphere (1224.), it is curious to see how, when certain 
lines have terminated on the under surface and edge of the 
metal, those which were before lateral to them expand and open 
outfrom each other , some bending round and terminating their 
action on the upper surface of the hemisphere, and others 
meeting, as it were, above in their progress outwards, uniting 
their forces to give an increased charge in the carrier ball, at 
an increased distance from the source of power, and influencing 
each other so as to cause a second flexure in the contrary di¬ 
rection from the first one. All this appears to me to prove 
that the whole action is one of contiguous particles, related to 
each other, not*nerely in the lines which they may be con¬ 
ceived to form through the dielectric, between (lie kiductric 
and the inducteous surfaces, but in other lateral directions 
also. It is this which gives the effect equivalent to lateral re¬ 
pulsion or expansion in the lines of force I have spoken of, and 
enables induction to turn a corner (1304.). The power, in¬ 
stead of being like that of gravity, which relates particles 
together through straight lines, whatever other particles may 
be between them, is more analogous to that of a series of 
magnetic needles, or to the condition of the particles consi¬ 
dered as forming the whole of a straight or a curved mag¬ 
net. So that m whatever way # I ‘view it, and with great 
suspicion of the influence of favourite notions over myself, I 
cannot perceive how the ordinary theory of induction can be 
a correct representation of that great natural principle of 
electrical action. 


* Encyclopaedia Britannica, vol. vi. p. 504; 
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1232. I have had occasion in describing the precautions 
necessary in the use of the inductive apparatus, to refer to 
one founded on induction in curved lines (1203.); and after 
the experiments already described, it will easily be seen how 
great an influence the shell-lac stem may exert* hpon the 
charge of the carrier ball when applied to the apparatus 
(1218.), unless that precaution be attended to. 

1233. I think it expedient, next in the course of these ex¬ 
perimental researches, to describe some effects due to con¬ 
duction , obtained with such bodies as glass, lac, sulphur, &c., 
which had not been anticipated. Being understood, they will 
make us acquainted with certain precautions necessary in in¬ 
vestigating the great question of specific inductive capacity. 

(To be continued.) 


11. On the decomposition of water by the agency of growing 
plants , more particularly the Aquatic Confervce , the 
Letnna , a genus of the Moncecia Diandria class, 8fc. fyc. 
By W. H. Weekes, Esq., Surgeon, Lecturer on Philoso¬ 
phical and Operative Chemistry, &<\ &c. &c. 

Since that period when the justly revered names of Priestly 
and Ingenhouse shed a halo of refulgence around experi¬ 
mental philosophy, and the former made k^own the result of 
his celebrated enquiries on the respiration of plants, not only 
botanists and vegetable physiologists, but chemical philoso¬ 
phers also, appear to have concurred in thes general opinion, 
that plants°absorb carbonic acid from the air under certain 
circumstances, and emit oxygen in return; and Dr. Ingen¬ 
house concludes that this change occurs only during exposure 
to the direct rays of the sun. It is further presumed that in 
the dark an opposite effect obtains, and that carbonic acid gas 
is neither absorbed nor oxygen gas evolved; but on the con¬ 
trary, oxygen disappears, and carbonic acid is disengaged. 

I am neither prepared nor disposed to deny, that, “ under 
certain circumstances,” these conclusions do appear to be 
borne out and established, generally, by attentive observation 
and experiment; but there are likewise facts and circum¬ 
stances, which I shall submit, warranting the conclusion that 
these results do not invariably obtain from the functional exer¬ 
cise of every description of plants, and which, I think, also 
render it worth while to enquire, whether, as is generally as- 
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and experiment; but there are likewise facts and circum¬ 
stances, which I shall submit, warranting the conclusion that 
these results do not invariably obtain from the functional exer¬ 
cise of every description of plants, and which, I think, also 
render it worth while to enquire, whether, as is generally as- 
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sumed, it be a fact that the oxygen evolved by the respiratory 
action in plants, is uniformly derived from the decomposition 
of % carbonic acid gas, as absorbed from the atmosphere, 
soil, &c„ or from that of the more abundant source, water, 
in whicnoxygen is known to form a large proportional con¬ 
stituent. 

A series of cautious and minutely observed experiments oc¬ 
cupying my attention at frequent intervals during some eight 
or ten years past, have, I presume, authorized me to indulge 
in the above conclusions, and to assert that pure oxygen alone 
is constantly evolved, by certain plants at least, whether they 
be exposed to the influence of solar light alone, or subjected 
to the alternate changes of day and night. 

The discovery of 'this interesting and additional feature in 
the operative chemistry of nature, owes its remote origin to 
circumstances which I feel claim from me, at least, the tribute 
of a brief recital. It is now about twelve years since I had 
the peculiar satisfaction of acquiring the scientific acquaint¬ 
ance and ultimate friendship of Thomas Pine, Esq., of Maid¬ 
stone, in Kent, the author of a theory appropriately denomi¬ 
nated by him Electro - Vegetation, the legitimate offspring of 
long patient observation and inductive experiment; and which 
theory I can have no hesitation in believing must eventually 
take its place among the established truths of philosophy. 
Immediately upon our acquaintance Mr. Pine suggested to 
my management a series of experimental researches such as I 
might conceive best calculated to subject his opinions to the 
severest tests of chemical and general examination. In 
further relation to the theory above mentioned, it is only 
necessary for me jn this place to observe, that the conclusions 
of its author were amply supported by the long Slerie# of ex¬ 
periments in question. * 

During thro progress of these enquiries incidental to the 
Spring and Summer seasons of the years 1863-4 and 5, it 
became expedient for me to adopt means whereby I might 
bring the extreme branches of various growing plants and 
shrubs into operation under a pneumatic apparatus; some¬ 
times employing in my manipulations merely a valve of mer¬ 
cury with a common atmosphere in the receiver above the 
fluid metal, and at others causing the branches to grow for 
many days and even weeks within an entire atmosphere of 
water, limited only by the capacity of the receiver, with a 
view to collect and examine the gaseous results obtained 
during the progress of a vigorous state of vegetation. While 
conducting these researches by means of the usual water 
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trough and graduated hell glass, I often became forcibly im¬ 
pressed, alter attentive observation, with the idea that the 
leaves and branches of plants, growing within my hydrd-jmeu- 
matic apparatus, were materially indebted for the large 
quantity of their gaseous products to decompositiafl of a por¬ 
tion of the surrounding atmosphere of water, as well as to 
exhalations from the surface of their leaves, &c., originating 
in the decomposition of carbonic acid, though, neither then 
nor subsequently have I found cause to regard the generally 
received opinion on this subject as being devoid of foundation 
under ordinary circumstances and in a dry atmosphere. 

Pursuing, at the period above ment ioned, the train of thought 
thus suggested, l was led to consider the well known experi¬ 
ment of placing a fresh detached sprig of mint or other suc ¬ 
culent plant within an inverted glass jar of water, for the 
purpose of exhibiting the evolution of hubbies of oxygen from 
the surface of its leaves exposed to the action of solar light; 
nor could l long hesitate in adopting, as an opinion at least, 
that the oxygen obtained in this experiment owed its origin, 
in no inconsiderable degree, also to decomposition of a portion 
of the water employed, and not entirely, as generally believed, 
to the carbonic acid held in solution by the fluid. 

A multiplicity of engagements continued to delay my inten¬ 
tion of endeavouring to illustrate this important question by a 
l'uri her appea 11o exper^men t, until the immediate ardour arising 
out of the subject hud somewhat abated; when, early in the 
Autumn of 1837, my attention thereto wa # s strongly revived 
by the accidental circumstance of a decanter of river water, 
in which some small portion of a very minute species of con¬ 
fervai had luxuriantly vegetated, having bqpn left unmolested 
and exjios&i at times, during several weeks, to a strong sun¬ 
light in the window of my bed-room. I now observed that 
on the sides and neck of the glass innumerable bubbles 
of gas were collected and continuously arose frejm the surface 
of the confervae or green vegetable matter before mentioned ; 
and this gaseous product I had every reason, short of actual 
testing, to consider as oxygen derived from partial decompo¬ 
sition of the water in my decanter. 

The season had too far advanced to permit of resuming my 
former researches, especially with the delicate conferva?, now 
the more immediate object of my attention; I therefore 
waited, with no small degVee of impatience, the arrival of the 
spring and summer of 1838, with the design of subjecting my 
theoretical conclusions to the test of actual experiment. It was 
not, however, until the commencement of the mouth of August, 
that the Punctalis, a minute species of conferva? abound- 
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ingin stagnant waters, as ponds, ditches, water-tanks, &c., ap¬ 
peared sufficiently luxuriant for my purpose; when the simple 
but eotnpletely efficient form of apparatus, represented in the 
annexed ^sketch, was immediately put in requisition for the 
occasion. '•The bolt-head a, holding one gallon, having been 
taken to a water-tank in which a sufficient quantity of the 
conferv© in question was discovered to have vegetated, the 
globular part of the glass vessel was forcibly immersed beneath 
the surface of the fluid, until the orifice of the neck could be 



brought into an appropriate position to admit of the globe 
filling freely, while the current of wafer, during its downward 
impetus, carried with it an ample quantity of the plant sought 
to be operated upon. The position of the bolt-head having 
been now reversed with the opening of the neck downwards, 
the stoneware jar 6, charged also with the water of the tank, 
was plunged perpendicularly underneath, and when the neck 
of the glass had been immersed within the water of the jar, 
until the inferior circumference of the globular part rested 
upon the substantial rim of the lower vessel, the two were 
carefully removed and placed immediately in an eligible 
situation in my garden, subject to frequent observation. I 
do not think I can convey to those whom it may possibly 
interest, a better idea of the subsequent progress of my experi¬ 
ment, than by subjoining occasional extracts from my daily 
Journal of Memoranda, or rough notes, made oq the spot at 
the moment of observation. 



29 


. by the agency of growing plants. 

August 12 thy 1838.—At 8 a. m. placed a quantity of the 
Confervse Punctalis, in rain water, under the pneumatic ap¬ 
paratus in garden—evening bright with light breezes ifrom 
S. W. Since being at rest the whole of the minute plant has 
resumed its natural tendency to the surface of the^uid, and 
occupies the zenith portion of the glass globe. Appearance 
perfectly healthy. , 

13th, eight o’clock, a. m. —A gas has been abundantly 
evolved, during the past night. The confervas has been in 
consequence depressed from its original position in the upper 
hemisphere of the globe, its former place being now occupied 
by the gaseous product, fully equal in amount to the bulk of 
plant; I presume not less than from sixteen to eighteen cubic 
inches. The water of the jar has overflown in a corresponding 
degree. 

18th.—The formation of gaseous matter from conferva) 
punctalis has been almost regularly progressive during the 
last five days, and now occupies nearly one-sixth of the globu¬ 
lar hemisphere. Appearances indicate that the evolution of 
gas is on the decline; the plant also shows symptoms of 
decreasing vigour. 

21st.—-Gas has not materially augmented to-day; and I 
conclude that the confervee has nearly ceased to vegetate. 

Four o’clock, r. m. —Resolved to transfer the gas collected 
from glass globe to a .series of air jars of different capacities, 
for the purpose of chemical examination.—Six o’clock, p. m. 
Gas generated within the space of nine jlays, amounts to 
fifty-eight cubic inches, and proves to be oxygen more pure 
than usually obtained artificially. An extinguished wax taper 
is instantaneously relighted by being plugged therein, and 
phosphpruf, iron wire, and other combustibles, burn with 
greA brilliancy. A cubic inch tube, graduated in hundredths, 
charged with the gas and placed over pure liquer potassa. 

22d. evening.— The volume of gas in cubic ijich tube over 
liquor potassa (temperature considered) has diminished only 
one and a half per cent in about twenty-four hours, and has 
remained without decrease during the greater part of that 
time; consequently, the oxygen thus obtained, holds in ad¬ 
mixture a smaller proportion of carbonic acid than that 
generally procured by exposing to a red heat the peroxide of 
manganese. * 

These experiments with* the confervas punctalis were several 
times repeated*during the months of August and September, 
and invariably with similar results, as witnessed by divers 
scientific friends who obligingly interested themselves on the 
occasion. Subsequently the lemna , a genus of the monaecia 
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cliandria class, (commonly denominated duck-weed) was often 
subjected to the same process of examination, with the only 
difl'efvjiee that it did not produce oxygen quite so abundantly 
as the con/ervae punctalis, though the gas obtained from the 
lemna was 'found to be in a trilling degree more pure than 
that evolved by the former description of plant, inasmuch 
as it was proved by chemical analysis to contain only one per¬ 
cent of carbonic acid. 

In the early part of the month of October, I commenced a 
series of similar trials with several larger species of aquatic 
plants, but, owing to removal from their native habitudes at 
a late period of the season, my efforts were not attended with 
a like degree of success. From these latter experiments, 
however, 1 learned that it is only in the perfect Ip healthy and 
vigorous stale that plants possess the power to decompose 
water and liberate its oxygen. Under certain circumstances, 
which require further researches to detine, I am convinced 
that some plants evolve a portion of nitrogen. 

As connected with and arising out of the subject, of this 
paper, 1 shall permit myself to subjoin a few desultory obser¬ 
vations. It has been ingeniously suggested to me by a highly 
esteemed scientific friend, that the oxygen obtained during 
the experiments above detailed, might possibly arise from the 
decomposition of a considerable portion of carbonic acid, not 
unfrequently held in solution by certain waters. Now, the 
water employed in my experiments, as first stated, was taken 
from a large open lank on the premises, and it is quite fair to 
say that few specimens could be furnished in greater purity. 
The substances known generally to be held in solution by 
rain water, are ah’, carbonic acid, carbonate of lime, and, 
according to Bergman, occasionally some traces of*nitiiic acid 
and a little muriate of lime. The best authorities agree that 
the quantity of air in good water, of the kind in question, does 
not exceed one-twenty-eighth of the bulk; and that one hun¬ 
dred cubic inches contain generally about one cubic inch of 
carbonie acid gas, but I have satisfied myself that the rain 
water actually employed, yielded rather short of the usual 
assumption. If we reckon the bolt-head to contain one gal¬ 
lon, or about 278 cubic inches, which will be a sufficient 
approximation to the fact, we shall perceive that the full 
amount of carbonic acid in the water “of my experiment could 
not exceed three cubic inches, a quantity quite inadequate to 
furnish on decomposition even a sixth part bf the oxygen 
evolved during the first night, and the possibility of the water 
acquiring any addition of carbonic acid by absorption from 
the surrounding atmosphere, was effectually provided against 
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in the construction of the apparatus. Nor does it appear 
that the common air contained in the water used, had been 
expelled and thus augmented the volume of gas ultima fely 
measured, because the only deviation from the pure oxygen 
found on analysis, was from one to one and a half p£r cent of 
carbonic acid. If we suppose the plant capable of decomposing 
atmospheric air, a considerable quantity of nitrogen must have 
been manifest on examination. 

Sir H. Davy, at page 192, fourth edition of his “ Last Days 
of a Philosopher,” says “ those fishes that spawn in Spring or 
the beginning of Summer, and which inhabit deep and still 
waters, as the carp, bream, pike, tench, &c., deposit their eggs 
upon aquatic vegetables, which, by the influence of the solar 
light, constantly preserve the water in a? state of aeration.” 
Though the form of expression used by our celebrated philoso¬ 
pher is not definitive, I think I may safely assert that the 
means employed by nature to effect the important object 
alluded to by Davy, that of preserving the water in a state of 
aeration, consists in the power of growing plants to decompose 
that fluid and supply a vivifying principle to the eggs by the 
disengagement of oxygen. Upon similar grounds, 1 presume, 
we might fairly conclude, that the baneful influence of malaria 
arising from the stagnant waters of marshy districts, is, during 
the spring and summer materially modified by the oxygen 
(emphatically characterized as vital air by Dr. Priestly) gene¬ 
rated from the action of conferva? and other aquatic vegeta¬ 
bles, abundantly inhabiting the still waters qf such localities. 
In the season of autumn, when the vigorous action of vege¬ 
tation has ceased, and the plants themselves in many instances 
pass into decomposition, experience shows Jthat the demon 
malaria begins to diffuse its most pestiferous exhalations- 

It being obvious, from the experiments above recorded, 
that the leaves of plants are furnished with organs suited to 
the office of decomposing water, and as we find.only one of 
the elements of this fluid set at liberty, it follows logically 
that the other element, viz. the hydrogen, is absorbed by the 
plant and adapted to the purposes of the vegetable economy; 
at least, I presume that Pnave brought suflieient evidence to 
show, that in addition to the offices of the roots, leaves, 
“ common” and “ proper vessels ,” hitherto known, nature has 
provided plants with another important source of action, by 
the direct exercise of which they derive from one of the ele¬ 
ments of water,* a principal constituent* of their own, while 

* Some ten or twelve years since, while engaged in the analysis 
of upwards of*forty specimens of indigenous and foreign woods, by 
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from the disengagement of the other, they silently administer 
to the purity of the atmosphere and the economy of animal 
lifeX 1 have not unfrequenlly spent many hours, aided by the 
microscope, in watching, particularly in bright days, the 
evolutionSof gas bubbles as they are formed and disengaged 
from small aquatic vegetables, as well as from the detached 
leaves of other plants immersed in water ; and, as one of the 
fruits gathered from such observation, I imagine I shall not 
risk any very serious condemnation, in venturing to conjecture 
that the spinous or downy points presented hy the supcrfices 
of leaves (and 1 find it is to these points that the bubbles of 
gas arc invariably attracted) are analogous to so many gal¬ 
vanic poles, rendered more or less potent by the agency of 
solar light and othfer circumstances ; thus, however minute 
and trivial in their individual operation, producing by their 
infinitude an amazing aggregate of electro-chemical action ; 
and though, doubtless, this be most conspicuous where exer¬ 
cised in the stagnant pool, or meandering rivulet, yet, never¬ 
theless, extending its natural magic equallysrto decompose the 
beautiful leaflet gem exhibited in the spangling dew-drop. 


the process of close distillation, I became forcibly struck with the 
proportionately large volume of hydrogen frequently evolved in 
combination with carbon, &c.; so abundant, indeed, that I was 
induced to convey it into a temporary reservoir, and occasionally 
appropriated it as a means of illumination in my laboratory opera- 
tions. If, during the growth of plants, this quantity of hydrogen 
be not materially derived from the decomposition of water, by a 
direct exercise of their external functions, it will be extremely dif¬ 
ficult to account for its origin and •presence as a component of 
ligneous fibre j for, though we are not yet accurately familiarized 
with the internal organization of vegetables, and their consequent 
capabilities, it seems scarcely probable that to this single and some¬ 
what limited source alone, the whole of the hydrogen.is attributable 
which we find resulting on careful analysis. 
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III. Experimental and Theoretical Researches in Elec¬ 
tricity. Second Memoir. By Wh.i.iam Stviuikon. lec¬ 
turer on 1 Experimental Philosophy at the Hon. Hast India 
C.'ompany’s Military Seminary, Addiscombe, Sc*'* 

Head March 3d, and December 19th, 183S. 

On the Identity or A on-identity of Electricity and Mag¬ 
netism—Different opinions of Philosophers on this topic, 
— E rperi mental Examination of those Phenomena which 
are supposed to favour the hypothesis—Examination of 
M. Ampere’s Hypothesis—The polar forces of hard steel 
Magnets nnra/tf/uishable hy Electric Currents— The 
inefficiency of Electric Currents iy magadizing hard, 
steel to a high degree of power—The distribution of mag¬ 
neticforca exhibited by Steel Magnets and by Loadstone, 
not imitahle by Electric Currents. 

SN. In the first memoir which l had the honour to present 
to this Society, I*endeavoured to elucidate those fundamental 
principles of electricity, which appear obviously developed by 
an extensive series of illustrative phenomena, and well calcu¬ 
lated to a Herd an easy explanat ion of the nature and peculiarity 
of electric action. There still, however, remains one very 
important theoretical point on which I have not yet touched ; 
a point which is yet wavering under the dominion of vacillating 
opinion, without any party venturing a demonstration of his 
peculiar ideas: or, indeed, showing much,»if any, reason for 
entertaining them. 

89. The discovery of the identity of lightning and ordinary 
electric discharges, hy Franklin, and the well established facts 
of lightniilg depolarizing compass needles, reversing the 
polarity of others, and producing other remarkable magnetic 
phenomena, were events that have, long ago, led philosophers 
to imagine that electricity and magnetism are not distinct 
powers of nature: hut that, more probably, they emanate, in 
different forms, from one and the same physical cause. The 
apparent similarity of thg attractions and repulsions in mag¬ 
netism and electricity, has also bv.cn considered as favourable 
to the hypothesis. 

90, It is now more than half a century ago since the 
celebrated Father Bec£aria ventured an opinion, that the 
electrical and magnetic powers are identical. “Are not these 
peculiar effects’of* the electric fire with respect to magnetism," 


* From the Transactions of the London Electrical Society. 
Vol. IV.—No. 19, July, 1839. C 
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said this eminent philosopher, “ so many proofs which cor¬ 
roborate my former conjectures, that the peculiar magnetic 
forct^observed in loadstone is to tie attributed to either atmos¬ 
pherical or subterraneous strokes of lightning; and that the 
universal’*>j8tcnmtic properties of magnetic bodies are pro¬ 
duced by an universal systematic circulation of the electric 
element'”* This hypothesis of the illustrious Italian was 
not much attended to, till tfie discovery ot electro-magnetism, 
which happened nearly fifty years afterwards; when it was 
again broached, as a new idea, by M. Ampere. Since that 
time the hypothesis has gained many proselytes, though there 
be still some philosophers who do not entertain that opinion * 
and as electricity has latterly produced many phenomena, 
whose true cause caaonly be understood by a proper solution 
of the problem which this disputed point has created, a strict 
investigation of the various circumstances connected with if 
can hardly fail to be interesting to the Kleetrical Society : I 
have therefore devoted the whole of this memoir to that par¬ 
ticularly important subject, in which, it will he found, 1 have 
collected, examined, and arranged the most striking instances 
of analogy in electricity and magnetism: and have also pointed 
out many phenomena in which they as obviously disagree. 1 
have contemplated the w'hole as profoundly as l have been 
able, and have discussed the various topics as I have proceeded, 
with freedom and candour, in the manner following:— 

91. If one of the poles of each of two magnets he presented 
to each other, a tendency either to recede from, or approach 
each other is immediately manifested, accordingly as these 
poles are similar or dissimilar respectively; and because simi¬ 
lar and dissimilar electrized bodies evince corresponding ten¬ 
dencies to move, from or towards each other, the two sets of 
phenomena have been regarded as marking a strong analogy, 
and have been held forth as evidence in favour of the identity 
of the magnetic and electric agents. Hut, before these, or 
any other supposed analogies he permitted to enter into any 
code of physical laws, they ought to he examined with the 
most rigid scrutiny and exactness. The phenomena ought 
not only to be compared with each other, but each individual 
event should be traced, as closely as circumstances will per¬ 
mit, to the nearest cause of its production; and in what man¬ 
ner it would he alfecled by varying the conditions of the ex¬ 
periment : and, in the question before us, it is only from such 
dose investigations as these, that data are fo be obtained 
which can be esteemed of much intrinsic value. 

* Treatise on Artificial Electricity. By Father Giambatista 
Beccaria, p. 310, English edition, London, 1776. 
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02. In contemplating the phenomena I have been speaking 
of in the manner proposed, let it be supposed that ns .<?V, fig. 
1, Plate II, are two magnetic needles, each suspended '^r a 
fine thread; and that p and n, fig. 2, arc two dissimilarly 
electrized balls, suspended in a like manner. Thw/. because 
of the magnetic poles ns 1 n's, which are opposite to each 
other, being of diiferent kinds, thqy will approach each other 
until they come into contact: and a parallel phenomenon will 
be exhibited by the dissimilarly electrized balls, p.n. Thus 
far the analogy appears to bold good. Our conclusions, how¬ 
ever, are not to be drawn from these facts alone, for the 
motions already performed are the mere preliminaries to the 
display of other phenomena which demand still greater atten¬ 
tion, and reveal the operation of other attributes than those 
which brought the bodies together. The electric balls, p, n, 
very shortly after the first contact, separate from each other; 
and if their first electric conditions were of equal degrees 
ubore and below the common standard, or neutral state, they 
would neutralize each other’s action, and their fibres of sus¬ 
pension would bang parallel to each other. Hut if their first 
electric conditions were not of equal degrees above and below 
the natural standard, both balls would remain either positively 
or negatively electrical, accordingly as p or n exhibited the 
greater degree of electric tension prior to the first contact. In 
either case the balls would display a tendency to recede from 
each other, and diverge their fibres of support. 

93. Now’ the motions last exhibited by the electric balls 
find no parallel phenomena in the magnetic jioles ns' ns 1 , fig. 
I, which still cling together without evincing the least ten¬ 
dency to separate: instead of which, it is a well-known fact, 
that the longer those poles are permitted to remain unmolested 
the greater degree of force would lie required to separate them. 
Hence, then, without entering into any theoretical,disquisition, 
these electric and magnetic phenomena are so obviously dis¬ 
similar, that instead of being susceptible of inferences in 
favour of an identity in the operating causes, they have an 
obvious tendency to bias the mind to the very opposite con¬ 
clusion. 

94. Let the two electric halls, p, w, fig. 3, he suspended on 
the opposite sides of a fixed ball H, which is in the natural 
electric condition. The, electric bodies p and n will im¬ 
mediately approach 15; and after contact with that body they 
will recede from. it. When the body 15 is insulated, and the 
bodies p and n differ in degree of electric tension, above and 
below the natural standard respectively, all the. three bodies 
remain electrized after contact: and p and n exhibit a ten- 
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dency to recede from 15. Jf, on the other h:md, ]) and n are 
of equal degrees of electric tension auore and belotr the 
natural standard, they will neutralize each other through the 
medium of 15 ; and 15 also will remain neutral. If the body 
B were uninsulated, it would be a matter of no consequence in 
what manner p anil n were electrized, they would both become 
neutralized by contact with that body. Here then we have 
three conditions under which the electric halls, p and n, would 
approach 15 by electric action ; but in no case would they be 
retained in coni ai t with that body. In every variation of 
Muse experiments the bodies, 7 ; and n, would have their elec¬ 
tric energies considerably deteriorated by contact with 15; 
and in some cases those energies would totally vanish by such 
contact, however powerfully they might previously have been 
displayed. 

95. Let now a parallel experiment lie made in magnetics, 
by suspending two light bar-magnets by threads as represented 
by tig. 4. When the inferior dissimilar poles n s' hang on the 
opposite, sides of a soft iron ball /, as in the figure, they im¬ 
mediately approach that hall; and when they have once come 
into contact with it they remain attached to it; and the longer 
they are left undisturbed the greater is their tendency to 
remain there: so that the contact, instead of diminishing the 
attractive force, absolutely increases it. How very diffeient 
are these events to those which occur by electric action. I 11 
every case of contact by magnetic utti action, the forces which 
bring the bodies together, become exalted in some proportion 
to the closeness V>f contact : and in no rase are those forces 
impaired by time. The electric attractive forces, on the con¬ 
trary, are invariably, and immediately impaired by the bodies 
touching one unfit her. I 11 some cases they are suddenly and 
totally neutralized ; and in no instance are they ofldhg#dura- 
tion independently of a continuous exciting process. 

90. Electro-polarization (52,) has an apparent analogy in 
magnetism,Tut the different ways in which the experiments 
may be varied, lead to results w’liich show’ an obvious differ¬ 
ence in the causes producing them. The nearest responsive 
fact is the polarization of soft iron by placing it in the vicinity 
of a permanent magnetic pole. If, for instance, the piece of 
soft iron s', n', fig. 5, be placed near to the magnetic pole s, of 
the steel bar a ,;«, a magnetic polarity will immediately be 
displayed in the iron bar: and arranged as indicated by the 
letters, viz. tire south pole s of the magnet n, s, will cause a 
north \ro\e in the, vicinal extremity ri , aud a’southuole in the 
remote extremity of the iron bar : but if the north pole rf 
the magnet be presented to the soft iron as represented by 
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fig. G, the order of polarity in the iron will he the rcver.se of 
that in the former instance : though still in accordance with 
the same law: for in both cases the poles in the permanent 
magnet occasion poles of the opposite kind to be exhibited in 
the nearest extremity of the iron : and polarity of the same 
kind in the remote extremities of the iron. 

1)7. The circumstances under which the magnetic polarity 
thus displayed by pieces of soft iron bears so strong a resem¬ 
blance to those necessary to the production of electio-polarity 
(62, figs. 89 and 90, Pi. \l I, Vol.2,) that a superficial observer 
might easily be led to imagine that the same agency was in ope¬ 
ration in both cases : but here, a* in the cases already described 
(1)2, 9.1, 94, 9.3.), a close investigation of these phenomena, 
and a correct view of those which a variation of the circum¬ 


stances productive of them exhibit, load to very dill'erent 
inferences. Let us, for instance, permit the pieces of so!t 
iron, as in figs. 5 and G, to touch the permanent magnetic 
poles to which they are presented. The steel and iron would 
remain as decidedly polar as before: and the remote poles s' 
and n' of the two pieces of iron, and n and s of the steel bars 
would display still stronger polar forces than prior to the con¬ 
tact. These facts have no parallel in electricity : for if the elec¬ 
tric bodies Pand N,figs. 89 and90, PI. Nil, Vol. 2, be brought 
into contact with the bodies n, p, and p, a, to which they are 
respectively presented, the phenomena of polarity cease to he 
exhibited : each pair of bodies immediately becomes similarly 
electric throughout; the one pair, fig. 89, being all in an elec¬ 
tro-positive condition, and the pair, fig. 90, being in an electro¬ 


negative condition, on every part of their surfaces. 

98. The electric phenomena displayed -by bringing the 
bodies P, sfud n, p, fig. 89; and N, and p, n, fig. 90, are 
easily explained by supposing an introgression of fluid from 
the relatively positive to the relatively negative bodies of each 
pair : hut it would be exceedingly difficult to understand how 


the magnetic bodies maintained their polarity by any similar 
distribution of a fluid, or of any other physical agent, for 
whatever may be the nature of the magnetic agent, it is ob¬ 


viously more determinedly fixed or accumulated in the 
extremities of ferruginous bars by close contact, than when 
those bodies are at an appeciable distance from one another. 
Hence we discover that the magnetic and electric forces, 
which, at certain distances, effect such a similarity of phe¬ 
nomena in bodies situated in their respective localities, are 
productive of no corresponding facts when the approximat'd! 
of those bodies is sufficiently close. Neither do the phenomena 
agree which* the newly magnetized and electrized bodies 
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exhibit after they have quitted those original magnetic and 
elec^ic bodies whereon the respective disturbing forces reside; 
for, after the separation of n,p, and p,n, tigs. HI) and 00, Plate 
XII, Vol. from P and IX respectively, the former would ex¬ 
hibit posit)re and the latter negative electric action : but the 
pieces of iron, figs. .0 and (i, Plate II, would lose all traces of 
magnetic action, when onde they were sufficiently removed 
from the localities of the magnets to which they had been 
attached. 

90. If it can be imagined that by substituting steel for the 
Pi*' oes of soft iron in figs. 5 and 0, Plate II, an analogy to the 
phenomena exhibited by the electrized bodies would have been 
more apparent, by the steel retaining magnetic action after 
quitting the disturbing magnetic poles, l would observe that, 
its retaining some trace of magnetic action is a fact which 
cannot be denied: but in (hat case the steel would remain 
polar, as is always the case with magnetic bodies : and as no 
trace of polarity would be exhibited bv the electric bodies, but 
on the contrary, an uniformity of electric action would he dis¬ 
coverable over every part of their respective surfaces, the 
supposed analogy again loses its support, and as decidedly 
fails in this instance as in those previously discussed. More¬ 
over, the pieces of steel would retain their polarity unimpaired, 
even after long continued contact with other bodies; whereas 
the electric bodies would lose all trace of electric action by the 
slightest touch with uninsulated conductors. 

100. A globe, of steel may he made to exhibit, permanent- 
magnetic polarity when far removed from every disturbing 
force : but the same globe will not maintain any corresponding 
electric action. r A plate of glass will exhibit electro-polarity, 
on its opposite surfaces, for some considerable time, after it 
has been removed from the exciting apparatus: but magnetic 
polarity is not known to be exhibited by glass. Tf then the 
magnetic and electric elements he identical, why this capricious 
selection of bodies for the display of these parallel phenomena? 
The electric forces will attract all kinds of matter without 
exception ; but the magnetic forces appear to be exceedingly 
select in this particular; operating on particular kinds only. 
Coated glass, whatever maybe its form, affords no permanent 
electric attractions, which are, in the least*, comparable with 
the attractions exhibited by magnetic bodies : for if a metallic 
arc connect the two sides of a Leyden jar, the electric forces 
immediately disappear; but an iron arc connecting the poles 
of a horse-shoe magnet is permanently held there, unless 
removed by mechanical violence; and the longer it remains 
undisturbed by extrinsic force, the more vigdrously is it 
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attracted by the poles; and there is no known substance 
whatever, by which the poles of a magnet miij he conneefed, 
that will, in the least, deteriorate their powers. 

101. Those lew kinds of elementary matter on which 

magnetic attractions are known to be exerted,‘display no 
distinction of respect for the north or south polar forces, being 
attracted indiscriminately, and to the same extent, by both. 
Very different indeed are the nice discriminations of tin* 
positive and negative electric forces manifested in an almost 
endless variety of phenomena, every one of which teems with 
interest in the contemplations of the philosopher, and beau¬ 
tifully characterizes the agency of their production. If, for 
instance, an intimate mixture of sulphur and red lend he 
indiscriminately projected through the tfir to a series of posi¬ 
tively and negatively electrized surfaces, (he powders will he 
separated from each other hy the dissimilar electric forces, 
into whose spheres of act ion they are thrown; and the sulphur 
and red lead will respectively he found at the positive and 
negative surfaces, exhibiting a peeuhaiity of anangement not 
known to he accomplished by any other kind of physical 
agency,* Similar selections are uniformly exhibited hy elec¬ 
tric forces, whenever the particles of compounds on which 
they operate are sufficiently voluble to he put into motion hy 
them, or are held together by inferior powers. I 1 '.very individual 
electro-chemical decomposition appears to he an instance of 
this kind of action, and demonstrates the peculiarity of this 
important fac t. „ 

102. it has been said by M. CKrsted, that the only dif¬ 
ference in the electric and magnetic forces rests in their 
different, degrees of tension or activity ; tin;, electric being the 
more active or vigorous in its operations : and this hypothesis 
has been attempted to be supported hy M. Ampere and other 
philosophers, whose opinions on this subject wfll long com¬ 
mand respect, liut I must confess that I can discern no 
satisfactory discrimination of this kind, nor am I acquainted 
with any facts that are even in the least favourable to it. It 
is well known that electric attractions arc the most powerful 
when the bodies exhibiting them manifest the greatest degree 
of tension in the display of all other electric phenomena. The 
spark, for instance, is shown to the best advantage when the 


* This fact was first shown by heightenberg. Cavallo and 
Bennet, especially the latter philosopher, have extended the original 
experiments of Leightcnberg, and varied them in a variety of 
pleasing and interesting ways.— Bennet's New Experiments on Elec¬ 
tricity. Derby , 1789. 
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electric body, whence it proceed, exhibits the greatest degree 
of a^ractiou: and the charge of a jar is accomplished m the 
shortest period of time, and with the greatest degree of facility, 
under similar circumstances. Moreover, when electric dis¬ 
charges are performed, either from a single jar, or from a 
battery of jars, the striking distance is greatest, the flash is 
the most brilliant, the noi.-cf is the loudest, the physiological 
effects are the most powerful, and, in fact, every phenomenon 
is exhibited under the most advantageous circumstances, and 
in the most perfect, manner, when the jar, or battery, is in the 
most suitable condition for a display of its attractive energies. 

103. Hut now let us enquire into the extent to which 
electric attractions are usually exhibited. JI as any electrician 
ever seen a prime conductor, (which always shows attraction 
more powerfully than any other electric apparatus) support, 
by its electric energies alone, a single ounce of any kind uf 
matter.' I presume not. If, then, with this insignificant 
attracting force, electricity he prepared for a display of some 
of its most splendid and terrific phenomena—the production 
of vivid light, intense heat, the noise of thunder, and the de¬ 
struction of animal life: and that magnet ism proceeds from 
the same cause or agency, it seems natural to ask, why it is 
that similar phenomena are not exhibited to the same, or even 
a greater extent, by a magnetized body whose attractions are 
ten thousand times ten thousand greater than any ever wit¬ 
nessed in electricity? These important questions, which 
stand so prominently and essentially in the path of investiga¬ 
tion, demand the most profound contemplation of the philoso¬ 
pher, and must not he passed over in silence by those who are 
endeavouring to identify the electric and magnetic powers. 
We have yet to learn the mode of producing if magnetic 
spark, and are totally ignorant of the sensation communiffared 
by a magnetioshock. And magnetic chemistnj is so profoundly 
obscured from our knowledge, that no one knows even of its 
existence. 

104. If our reasoning he permitted to rest on facts alone, 
independently of favourite notions and ingenious hypotheses, 
which are but too apt to captivate the imagination of the 
superficial observer, and, sometimes, even to sap the under¬ 
standing of the more studious in science, the obvious contrasts 
in the phenomena presented by electricity and magnetism 
enforce themselves upon our notice* too powerfully to be mis¬ 
understood. E\< n the attractions, themselves, in which 
alone the appearance of analogy exists, are so exceedingly 
dissimilar, so truly distinct from one another, that their pecu¬ 
liar characteristics are well defined and easily discernible, and 
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cannot he mistaken by those who devote to them a proper 
and sufficient degree of attention. 

105. An insulated electrized globular body radiates its 
attracting influence on every side alike, when surrounded by 
au uniform medium, such as the atmospheric air, as may be 
understood by fig. 7, PI. 2, which may represent a great circle 
of the globe with its radiating electric force. Put a magnetized 
globe, similarly situated in space, exhibits no such radial in¬ 
fluence ; for being polar on opposite points (//. .v. fig. S,) of 
its surface, the greatest disposable* attracting forces are 
exerted about those polar regions, and especially in the line, 
of their axis continued. At right angles to that axis, in the 
plane of the equator, e e , the polar forces, by their mutual at¬ 
tractions, nearly balance one another; neither of them exhibit- 


* It appear* by the distribution of iron-filing*, when strewed on 
paper, above a bar magnet, that a considerable portion of the nai/h 
and south forces are engaged in attracting one another, as shown 
by the curve lines assumed by the tiling*; and, consequently, are 
not employed, or, at least, very sparingly so, in any attractions 
which the magnet exercises on foreign bodies, such as pieces of 
•soft iron, magnetic needles, &c., placed a few inches distant from 
iis extremities and in a line with its axis; or, indeed, opposite to 
any other part of its surface; and, although much more of the 
magnetic force is brought into play as the iron is brought nearer, 
and most of all when it is in contact with the pole of the magnet, 
there is still a considerable portion of force which cannot he exerted 
on this foreign body, because of its being engaged with the oppo¬ 
site force, about the surface of the steel, which lies between its ex¬ 
tremities]; and especially that which is situated near to its centre. 
For conyemence then, 1 call that portion of the magnetic force 
which Kes about the equatorial part, the engaged fora:; and that 
which is brought into play on foreign bodies, the disposable force. 

The disposable force of any magnet may be diver ltd from its ori¬ 
ginal directions of action by the approximation of ferruginous bodies; 
and, in some instances, nearly the whole of it may be drawn from 
a body on which it operates, without moving either the magnet or 
the body. To illustrate this point, let a bar magnet be placed six 
or eight inches distant from the pivot of the needle, and at right 
angles to its direction. The disposable force of the magnet will 
deflect the needle to some considerable number of degrees. Now 
place on each side of the magnet, parallel to it, and about thiee 
inches distant from it, a piece of soft iron, about its own shape and 
size. The deflection of the needle will lessen considerably, showing 
that a portion of the disposable force has been diverted from its 
action on the needle. Now, bring the pieces of iron nearer to the 
magnet, and the deflection again decreases; and when the pieces 
of iron are brought into close contact with the magnet, one on each 
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ing mucli disposable influence on exterior bodies. Another 
grt •a^characteristic distinction in the display of the electric 
and magnetic forces by these bodies appears to be this ;—the 
electric force is wholly disposable and ready to be exerted 
upon, and eVen transferred to, other vicinal bodies: whereas 
the magnetic forces are neither transferable nor wholly dis¬ 
posable, for no magnet has yet been known to have its power 
impaired by contact with uninagnelized bodies, and in no 
case is the whole of its attracting power exerted upon a vicinal 
body. 

100. I have been exceedingly anxious to discover, if pos¬ 
sible, some facts which might afford analogies whereon to fix 
a basis of reasoning on the identity of these physical agents; 
hut, although 1 have*met with some further phenomena, far 
from being uninteresting in the discussion, a close examina¬ 
tion of their true character has shown their evidence in favour 
of the supposed identity to be of no more value than that 
afforded by the facts already noticed. 

107. If there be one electric apparatus more than another, 
whose action resembles the action of the magnet, it is the dry 
electric column , whose polar forces are more uniformly and 
permanently exhibited than those of any other electrical in¬ 
strument. But the attractive and repulsive powers of this 
instrument, like those in all other electrical arrangements, are 
exceedingly feeble when compared with the gigantic powers 
of a magnet; they are, moreover, directed towards, and 
operate upon, ev^ry kind of matter without distinction, 
whereas the magnetic attractions and repulsions, notwith¬ 
standing their vigorous action on ferruginous bodies, are, with 
the exception of oyc or two of the metals, perfectly inert on all 
other kinds of matter. The attractions and repulsiol^ of the 
electric column are productive of vibratory motions in pen¬ 
dulous bodies properly situated between the poles; which 
• 

side, from end to end, nearly the whole of the disposable force will 
be exerted on the iron, and but very little of it, if any, will reach 
the needle so as to cause a perceptible deflection. Now, in this 
case, the extremities of the magnet are still untouched by the iron, 
and are, consequently, as much exposed to the needle as when the 
iron was not present; notwithstanding which, it is obvious from the 
experiment, that the disposable force which before deflected the 
needle has now taken another direction,*and is employed in polar¬ 
izing the pieces of soft iron. The disposable force of the magnet, 
however, although it cannot now reach the needle* with a sufficient 
degre® of fbrmidableness to accomplish deflection, is not entirely 
engaged by the iron, a residuum still remaining, which is detected 
by bringing the needle nearer to the magnet. * 
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show that the vibrating body changes its electric condition at 
every contact with either pole of the instrument, and accom¬ 
modates itself to the attractive influence of the opposite pole. 
When the pendulous hotly has come into contact with the 
positive pole, it acquires an electro-positive condition, and is 
repelled to the negative pole, where it deposits its charge and 
becomes electro-negative. It is now again under the attractive 
influence of the positive pole, to which it is compelled to make 
another journey, and from which it receives anew charge 
and an immediate succeeding repellent impulse, which again 
directs it to the negative pole; and in tins manner the sus¬ 
pended body performs its vibratory motions, being in an 
electro-positive condition whiUt travelling in one direction, 
and in an electro-negative condition whilst travelling in the 
other, By these means a jwlsofory current permeates the 
pile from the negative to the positive pole, the fluid being 
transported through th# air, from the latter to the former by 
means of tin* pendulous body.* 

l()X. Besides the pendulous motions already alluded to, 
the dry electric column is productive of physiological and che¬ 
mical phenomena, will emit sparks and charge coated glass 
and other inferior conductors, as decidedly as charges are 
produced by the machine : all of which are so perfectly dis¬ 
tinct from, so decidedly foreign to, any known capabilities of 
the magnet, that there is not to be found one solitary trace of 
analogy in the performance of the two kinds of apparatus. 
The attractions and repulsions are the only phenomena in 
which there is a shadow of resemblance, whilst in reality 
even this faint analogy has obviously no special existence. 
The delicate electric forces which alternate the conditions of, 
and give vibratory motions to, the pendulous body? find no 
similarity of action in the majestic attractive forces of the 
magnet, which select those of their own species only; whose 
coeval polar affinities mutually exalt the action! and constrain 
the attracted body to assume a determinate polar condition, 
and prevent its escape from the vigorous influence of the 
pole to which it is first attached. Hence as no vacillancy in 
the magnetic condition of the attracted body is produced, the 
grand essential to vibratory motion has no existence in mag¬ 
netics : nor can any such locomotions, as those exhibited by 

* As this discussion requires experimental facts rather than 
theoretical opinions, l have not, in this place, entered on the doc¬ 
trine of the dry electric column. It is possible J may have occasion 
at some other time, to enter fully into the philosophy of this interest¬ 
ing apparatus. 
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the electric column, be produced by any known self-acting 
powers of the magnet. 

1C9. If \vc are tq^look for the supposed identity of electri¬ 
city and magnetism amongst electro-magnetic phenomena, 
we are stilHis far from arriving at satisfactory conclusions as 
in any other branch of the science. It is true, we here find 
some of the most striking* and interesting affinities which 
electricity and magnetism have hitherto developed ; affinities 
which will ever link these sciences together in the firmest 
bonds of physical union, though by no means identifying the 
elements by which the phenomena are produced. Kach ele¬ 
mental agent plays its own part in the production of electro¬ 
magnetic phenomena as decidedly as in those of magnetic 
electricity, whose display is accomplished by the reciprocal 
excitement. 

lit). From the attractions and repulsions exhibited by 
wires carrying electric currents, M. Ampere was led to imagine 
that all magnets owe their influence to an unremitting circu¬ 
lation of the electric fluid; an hypothesis so exceedingly 
ingenious, and so eminently calculated to favour the expecta¬ 
tions of some philosophers, that there can he no astonishment 
excited by its gaining proselytes amongst those whose minds 
were already predisposed for its reception. Hut, notwith¬ 
standing the respect which is due to the talents of those 
philosophers who have favoured Ampere’s views on this topic, 
l must candidly confess that the hypothesis has always 
appeared to me to be much easier to acknowledge than to 
understand. In the present investigation I have considered 
experimental facts as the only data on which I can proceed 
with any chance of success of arriving at a close approximation 
to true theoretical inferences. I have, therelbic, neither 
ventured an opinion of my own, nor permitted the views of 
others to influence the inquiry. 

111. The imaginary electric currents to which Ampere 
refers all magnetic action, lead us lo enquire into the character 
and situation of their source, and by what means they can he 
supposed to he perpetually and equably maintained, either 
oil the surface, or within the body, of a steel bar. Hero it is 
that we are led to enumerate and examine all the known 
artificial sources of electric excitement, and endeavour to 
trace their influence to the operations of permanent steel 
magnets. Independently of magnetic excitation, we know 
of only three sources of electric currents, viz. frictional, voltaic, 
and thermal: for besides these four, there are no other sources 
known :* hence if a bar of steel which exhibits permanent 

t 

* The dry electric column is here omitted. 
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magnetism has that power conferred upon it hy the iniluenee 
of electric currents, which must necessarily he as durable as 
the magnetic action itself, to which of these sources arc we to 
look for the supposed actuating current#? Or are there other 
sources of electric currents of which we are yet enliiely 
ignorant? But, from whateversourcctho.se imaginary cur¬ 
rents may he supposed to proceed, that source must necessarily 
he situated either on the surface, or within the body, of the 
steel. The idea of electric currents being excited by friction 
amongst the particles of the solid metal, is too absurd <0 he 
entertained for a moment: and the conditions necessarily 
required for the production of collate cm rents, are no where 
to hr found in the steel: hence our enquiries are necessarily 
limited to thermal excitation alone. 

11 2. That thermo-electric currents are producible in every 
piece of metal, whether pure or compound, is a fact which l 
have proved hy very extensive experiments, some years ago.* 
But it must he understood that to produce an electric current 
hy any means whatever, requires a co-existent motion in some 
of the elements employed during the whole time the current 
is tlowing: unless it be of a momentary duration only, and 
the effect of an impulse, in which ease the current may con¬ 
tinue to How for a short time subsequently to the terminal 
exciting impulse. When a current is produced by an electric 
machine, the glass cylinder, or plate, as the case may he, is 
necessarily kept in motion. When a voltaic combination is 
the electric source the liberated elements of the liquid in the 
battery are put into motion and become vehicles for the trans¬ 
portation of the electric fluid to and from the solid parts of 
the arrangement: and a thermo-electric current depends upon 
the motion*of the calorific matter: for when that eft*ment is 
perfectly at rest in the combination, the electric current ceases 
to How. 

113. From the above considerations it appears, that a 
perpetual propagation of thermo-electric currents on the sur¬ 
face, or within the body, of a steel magnet would require a 
perpetual motion of caloric within its mass: which motion, 
unless the production of some hidden, mysterious, and unsus¬ 
pected agent within the steel, would require as continual an 
influx and efflux of the calorific element from and to the sur¬ 
rounding medium. Moreover, the laws of electro-magnetism 
require that the- direction of the electric currents'should he 
at right angles to the axis of the steel bar; and the ingenious 
author of the hypothesis has ventured to assert that their 
route is in that direction, in a series of parallel spirals round 

* Philosophical Magazine and Annals of Philosophy, \ol.x.p. 1 . 
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its surface.* Such, then, are the necessary conditions upon 
whiqji Ampere’s hypothesis essentially depends; and being 
now, probably for the first time, disrobed of their mysterious 
habiliments, 1 must Necessarily resign the glory of their dis¬ 
covery to those philosophers who stiil entertain the idea of 
their existence in the steel, and who may possibly be enabled 
to penetrate the subject still deeper than 1 have investigated 
it. But before 1 cpiit this important, topic, 1 will mention a 
few more facts, which to me, have appeared of some conse¬ 
quence, and can hardly fail to be interesting to others who 
may be induced to pursue the enquiry. 

1M. If the temperature of one extremity of a steel bar be 
elevated, and, by that process,electriccurrentsbccome excited, 
those currents would •necessarily be more powerful than any 
which can be supposed to exist in the metal at its natural 
temperature: and if the other extremity of the steel were to 
be heated, and again thermo-electric currents be produced in 
it, these latter currents would be propagated in the opposite 
direction to the former, and consequently the magnetic forces 
which they brought into play would be exerted in the reverse 
order to those which the first currents excited: and these 
artificially excited electro-magnetic forces being more powerful 
than any which the supposed \\atural electric currents could 
produce, they would predominate over these latter, and give 
new energies to the bar, reversing its poles in accordance with 
the directions of the currents. I hit on making the experi¬ 
ments, and carefully examining the phenomena, I find that 
no such corresponding changes have taken place in the polar 
forces of the magnet: and, although the poles themselves are 
considerably molested during the unequal temperature of the 
extremities and other parts of the magnet, and aiai removed 
from their original positions by the heating process, th*y do 
not assume those positions and variations of force which the 
thermo-electric current would necessarily give to them, were 
they governed by no other inlluence :f hence 1 infer, that 

* Anilides fie Cliimie et fie Physique, t. xv.: and Ampere’s 
Heeueil ties Observations Electrodynainiqucs. 

+ At the time this memoir was first drawn up, only a few ex¬ 
periments had been made on this part of the enquiry, the general 
results being such as are described in the text. But, whilst writing 
a fair copy tor the press, I was led to* reconsider this part, of the 
subject, and it occurred to me, that l*y pursuing the experiments, 
some results might probably appear which would •bo interesting in 
the theory of terrestrial magnetism. f, therefore, resumed the 
enquiry and have been led to some novel facts which, to me, have 
appeared exceedingly important, by throwing a new* light on the 
action of caloric on magnetism. They will be explained in the 
Third Memoir. 
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thermo-electric currents do not constitute the sustaining 
power of the magnet. , 

11 5. I next subjected a steel bar magnet to the influence 
of electric currents proceeding from a voltaic pair of copper 
and zinc. The voltaic combination was of the 'cylindrical 
shape and size, which, as is well known, l have long employed 
for electro-magnetic purposes, the zinc being surrounded with 
brown paper or calico, to prevent contact with the inside of 
the copper; and the whole placed in a pint porcelain jar, the 
exciting liquid being a solution of nitrous acid in water. The 
magnet which I employed was of hard-cast steel;—cylindrical, 
and about (> inches long, amiof an inch in diameter. It 
was well polished on an emery wheel, and of considerable 
power. It would lift, by one of its pole.*?, a piece of soft iron 
of its own weight. A piece of soft iron of precisely the same 
figure and dimensions as the magnet, was also provided. A 
single helix of copper wire, No. 13, of the same length as the 
magnet, was formed on a hollow past ('board cylinder, of suf¬ 
ficient width for the easy introduction of the magnet or iron. 
With these preparations, and a compass-needle furnished w'ilh 
an agate cap, and supported by a fine steel point, the experi¬ 
ments were carried on in the following manner. 

110. When the meridian line of the compass-box had 
been adjusted parallel to the needle at vest, the helix was 
placed on the eastern side of its pivot, with its axis in the 
same horizontal plane as, and at right angles to, the axis of the 
needle; the nearest extremity being 12 inches Jrom the needle’s 
pivot. Fig. 9, Plate 11, is a representation of the arrange¬ 
ment, where C is the compass-box, II the helix, and 11 the 
battery. Before the battery connexions made iyth the 
helix, the magnet was introduced to the interior of the latter 
with its marked end nearest to the needle, consequently at 12 
inches dnbmt from its pivot. The south end of the needle 
was drawn towards the magnet a certain number of degrees, 
and this deflection being noted, the magnet was taken out of 
the helix, and replaced again with its poles in the reverse 
order, by which means the north end of the needle was drawn 
towards the magnet, which deflection was also noted. The. 
magnet’s action on the needle being thus ascertained, the 
electrical force of the battery was laid on, whilst the magnet 
was in the helix; and when the deflection arising from this 
combined force had been ascertained, the battery connexions 
were reversed, mid consequently the direction of the cm rent 
in the helix was reversed also. This last directum of the 
current gave a new deflection of the needle, which, after 
being ascertained, was also noted down. This done, the 



Mr. Sturgeon’s Experimental and Theoretical 


magnet was reversed in the helix ; and when the deflections 
of the needle arising from the current traversing the helix in 
each direction respectively had been ascertained, the electric 
current was finally cut off, and the deflecting power of the 
magnet alone again ascertained in the same manner as at 
first. 

117. The bar of soft iron was next placed in the helix, 
and the electric current again laid on; and when the deflection 
arising from the polar force of the iron, by the first direction 
of the current, had been ascertained, the battery connexions 
were reversed, and with them, of coprse, the polarity of the 
iron was reversed also. The new deflection was noted down, 
and the iron finally removed from the helix. The deflecting 
power of the current alone, when no iron nor magnet was in 
the helix, was also ascertained at different times during these 
experiments ; two sets of which were made with two different 
batteries—the former by an old battery, and the latter by a 
new one. The results, with all the necessary particulars, are 
arranged in the following tables:— 

First Serifs of Experiments. 

Deflections with the magnet in the helix , with and without, 
the. electric current from the old battery: and magnet 
retouched. 


With or without 
the current. 

Marked or unmarked one 

North or Smith end of the 


j of the magnet ue.ircst 

needle drawn towards 

Deflections 

j to the needle 

the m.i(<uet 


Without . . 

. Marked 

South 

15" 1 

Ditto. . . . 

. Unimtiked 

North 

10° 2 


With . . . . 
Current reversed 


With . . . . 
Current rctersed 


Magnet alone 
Ditto. . . 


Marked 

ditto 


Unmarked 

ditto 

Unmarked 

ditto 


South 

ditto 


North 

ditto 

North 

ditto 



118. The electro-magnetic force in the helix alone, by this 
battery, produced no perceptible deflection of the needle : hut 
when the soft iron was placed in the helix, the mean of seve¬ 
ral deflections, with the currents in different directions, was 
17°. 

119. By talcing the mean of the deflections 3 and 5 in the 
table, which are those obtained whilst the electro-magnetic 
action of the curreut conspired with that of the magnet, and 
comparing that mean (17*.'3°) with the mean of the deflections 
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with the soft iron 07°), we find that they are nearly to the 
same extent. And by comparing these again with deflect ions 
l and 2, which are due to the magnet alone, wo discover that 
a current which is incapable of exalting the original defleet- 
ing power ol the magnet is yet capable of raiding a de¬ 
flecting power in soft iron, equal to the whole of that exhibited 
by the magnet, even when aided by the influence of the cur¬ 
rent. Wo discover also, by deflections 4 and (>, that the same 
current, when exerted in opposition to the energies of the 
magnet, is incapable ol counteracting more than one-half the 
deflecting power ol the latter. And wo learn, by comparing 
deflections 7 and S, which arc tlio.se due to the magnet after 
being subjected to the rererse. eloctro-nmgnetic action of the 
current, with deflections 1 and 2, that tl*e same electric cur¬ 
rent, which excited so great a power in soft iron, was inca¬ 
pable oi reducing the permanent action of the magnet more 
than one-filth of that which it originally exhibited. 

Second Skuiks of Kxpeiumrnts. 

Deflections with the magnet in the. helix , with ami. 
without the electric current , with the new battery; and 
magnet, retonrhed. 



M.irki-il or iium.ir'nuil cml 

North or South vial of the 




of ihe nuenet mviriist 

nei'ille drawn low ants 

Dcfloctinn* 


i lliv m'odlo. 

Uio mnuin 1 



Without . . 

\larked 

South 


1 

Ditto . . , 

UnmarVed 

North * 

19’ 

2 

With current . 

Marked 

South 

25 J 

3 

Ditto reversed. 

ditto 

Xoith 

• 

V 

4 

Magnet uliyie . * 

Ditto 

South 

11° 

5 

Ditto . , 

Unmarked 

North 

9’ 

a 


Magnet re-magnetized . 



1 Without . , . 

Maiked 

South 

21” 

7 

Ditto . . . . 

Unmarked 

Noith 

21* 

8 

With current . . 

Unmarked 

P : fto 

-27' 

9 

Ditto reversed. . 

Ditto 

South 

2’ 

10 

Magnet alone . . 

Ditto 

North 

8' 

11 

Ditto . , . 

Marked 

• 

South 

10’ 

12 


With this battery the soft iron gave a deflection of IS 0 ; 
and thecurient alone, without either magnet or iron in the 
helix, about 1". 

l~0. In thiij second series of experiments there is displayed 
a manifest superiority of electro-magneiic action over that 
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shown by the old battery; but although deflections 4 and 10, 
shqw that the electro-magnetic action completely counter¬ 
balanced the deflecting force of the steel magnet, deflections 
5, G, 11, aud 1'2, as obviously demonstrate that the original 
magnetic power was very far from being annihilated, and that, 
notwithstanding the vigorous electric current to which the bar 
bad been subjected, the latter retained about one half of its 
original power, which that current was unable to subdue. 
Indeed it appears from both scries of experimems that, a 
great portion of the electro-magnetism of the helix operates 
merely on the disposable part of the magnet’s force, and 
diverts it from its original direction, in the same manner as 
soft iron, or other magnets would do; and the electro-mag¬ 
netic force thus engaged, is prevented from assisting the other 
portion in conferring permanent effects on the steel. \\ hen 
the constraining electro-magnetic force is removed, the liber¬ 
ated disposable force of the magnet with which the former 
had been engaged, again resumes its original direction, and 
gives the needle a new deflection, in the same direction, 
though not to the same extent as at first (Deflections 5, G, 

11, I*). 

121 . 1 am not aware that any one would venture to assert 

that electric currents, more powerful than those employed iu 
these experiments, still existed iu the steel: and if not, to 
what cause are vve to allude the retained magnetic force ( 
There must he some agent in operation which still sustains 
the polar action, and insists the energies of the assailing 
electric current. That agent cannot be electricity, or it would 
have hem subdued by the counteraction of a superior electric 
force ; it must,.therefore, be admitted, that some other phy¬ 
sical agent, perfectly distinct from the electric, ^re*idos over 
the polar forces of I he steel magnet. * 

122 . I am well aware that, had the electro-magnetic force 
of the current been more powerful, the magnetic forces of the 
steel would have suffered to a greater extent; and it is possible 
that, an electro-magnetic force might be employed of sufficient 
extent to completely annihilate the original polarity of the 
steel, or even reverse its polar action; blit I should wish it to 
be understood, that to accomplish such an effect, the electric 
current employed must be very powerful indeed: and whatever 
extent of polarity might be exhibited by the steel after the 
removal of the excitiug electro-magnetic force, the retention 
of that polarity could not be supposed to depend upon that 
absent exciter, any more than the polarity of this, or any 
other piece of steel, could be supposed to be sustained by the 
absent magnet which first excited it: and our present know- 
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lodge of electro-dynamics does not permit us to indulge in the 
idea that any sustaining electric currents remain in the steel. 

123. We have seen by the preceding experiments, that 
the power of the magnet was considerably lessened by the 
action of the electro-magnetic force in the helix; but it must 
be observed that the latter force had no sustaining power to 
contend with, excepting that exercised by the retention of 
the steel: but, if the magnet be placed under the influence of 
a sustaining magnetic force during the time it is assailed by 
the electro-magnetism of the helix, it will be found that the 
latter is too impotent to make any other than a very slight 
permanent, impression on the original power of the steel mag¬ 
net; and, under some eireumstanoes, notdhe slightest impres¬ 
sion is accomplished. To prove this fact, I place the marked 
end of a magnetic bar, seventeen inches long, in contact with 
th a unmarked end of the six inch cylindrical magnet whilst 
placed in the helix, the marked end of the latter being nearest 
to,the needle, as represented by fig. It), Plate 11. I now trans¬ 
mit the electric current through the helix, in a direction which 
lends to neutralize the magnetism of the inclosed bar. The 
current is continued for more than a minute, after which il is 
removed, and as speedily as possible, the long sustaining mag¬ 
net is removed also. This done, the deflecting power of the 
cylindric magnet is again ascertained. The following table 
shows the results. 

Third Shriiis of Kxi*khimf.^ts. 

Deff rations with the. magnet in the helix, with or without 
the electric, current, from a new battery. 


0 

WilH ijV without the 
electric* cui runt. 

M,liked or umriaikcd pule 
of the ma-iu't neatest lo 
tin- needle 

N 01 S. end of the 
needle attracted 

Deflections 

Without the euricnt 
Ditto. 

Unmarked 

.Marked 

North 

South 

99 ' 

31 3 

Ditto .. 

Ditto » 

sustaining mag- ’ 
net attached, ^ 




Ditto 


With the current l 
fending to neutralize i 
the magnet . . . } 




Ditto 

Ditto 

59 ’ 




Current and sustain-' 4 

Marked 

Ditto 

96 ’ 

ing magnet removed $ 

Unmarked 

North 

94 ’ 


124. I next place the cj lindricai magnet under the influence 
of two sustaining magnetic bars, each 17 inches long; sub¬ 
mitting it, at the same time, to the action of an electric cur- 

02 
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rent, tending to neutralize it. The arrangement is repre¬ 
sented by fig. 11, and the results were as follows :— 

Focuth Series of Experiments. 

t 

Mciio *1011 of 
boll) i>olt f of Lite 
Noodle 

Before the magnet was subjected to the action 

of the current ...... 30° 

After the magnet had been subjected to a, cur¬ 
rent tending to neutralize it . . . 31° 

123, When under the sustaining force of two magnets , we 
find that the electric current makes no impression on the 
small magnet on which it operated. The trifling power which 
the magnet gained during the experiment, was obviously due 
to the influence of the bars between which it was placed. The. 
additional power given to the intervening magnet, by this 
means is, however, but very small, never amounting to more 
than 2° of deflection, as 1 have ascertained by several expe¬ 
riments, by permitting the cylindrical magnet to remain be¬ 
tween the poles of the two large ones, as in fig. 11, for two 
minutes in each experiment; which is a much longer time 
than it remained under the same influence, after the removal 
of the electric current in the preceding experiments. Hence, 
since a sustaining magnetic force may be employed to any re¬ 
quired extent, the obvious inference is tins. jYo electric 
current , howerex powerful , is capable of impairing the, 
powers of a hard steel magnet , whilst the latter is under the 
protecting influence of a proper purely magnetic force. 

120. Having*ascertained that the sustaining magnetic 
force does not operate as an exciting power (125),* 1 *vas led 
to suppose that the power of the protected magnet is‘sus¬ 
tained by the mutual attractions of its own disposable forces 
('10.'}, note) and those of the sustaining magnets: the north 
and south polar forces engaging with each other loo intimately 
to he disunited by the assailing electro-magnetism in the 
helix. This view of the nature of the action led me to try 
soft iron as a means of sustaining the power of the magnet, 
whilst the latter was subjected to the action of an electric 
current, considering ihat a portion of the disposable force of 
tin magnet would he employed by.tfte iron, and thus be pro¬ 
tected from the assailing elect;o-magnetic force; but it was 
found by the experiments about to be described, that soft 
iron affords no protection whatever to the magnet when 
assailed by a converse electro-magnetic force:.but on the 
contrary, the iron facilitates the subduction of the original 
powers of the steel magnet. 
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127. The experiments were made by placing the cylin- 
diical magnet in the helix, and ascertaining its deflecting 
power on the needle at the original distance of 12 inches. 
Then placing in contact with its remote pole a cylindrical bar 
ot soft iron, (> inches long and about an inch in diapieler. An 
additional deflecting force is thus given to the magnet, which 
deflection is also noted down. Another bar of soft iron, 13/' 
inches long, and about the same thickness as the former, was 
next placed in contact with that pole of the magnet nearest to 
the needle, and the new deflection thus given to the needle 
also noted down. This done, the electric current from a new 
battery was transmitted through the helix, whose magnetic 
powers were opposed to the powers of the enclosed magnet. 
The following table shows the results :—, 

Fifth Skkiks of Kxfkkimkn'is. 

Deflections with the magnet in thehelir, with anti with¬ 
out the soft iron and electric current /'tom a new haft fry. 


With o' without tin 1 soft non 
•lint rlci trio ciirroiil 

Mai koil or uu 
uiiirkeii eilil tiefir 
out to the iiecilfi 

N or s rml 
ot neeillo 
•itlr.it It it 

Hi tin 1101 . 


Without current or iron . . 

Mai Kell i 

South 

30' 

1 

\Y llh tilt* larger piece of iron . 

ditto 

ditto 

■\T 

*2 

With both pieces of iron . . . . 

ditto 

ditto 


:t 

Do. with a converse electric current 

ditto 

North 

40’thru It)' 

t 

( line at cut off, but iron remaining 

| ditto 

South ft 

•J.V 

i & 

Magnet alone. 

ditto 

ditto 

10* 

: 0 

124. The principal circumstances to he noticed, in these 


• A 

experiments, are the singular changes of polarity by the soft 
iron, and the final subductiou of a great portion of the force 
of the magnet. 13y deflection 4 we see a transposition of 
polarity by the action of the current. r J he new deflection 
thus given to the needle at first rose to 40', but gradually sank 
down to HV, where it remained peimanent for some time. 
This reduction of the deflection was, ot course, dependent on 
a reduction of polar energy in the nearest piece of iron: and 
as the polarity of the iron depended on the polar condition of 
the magnet, we learn that the transient transposition of its 
polarity is accomplished to the greatest extent, immediately 
after the current has got into full play, and that it gradually 
subsides for about one minute afterwards, at which time it has 
arrived at its minimum. These versatilities in the polar action 
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of the magnet are observable in all eases when it is subjected 
to a converse electro-magnetic action, whether there lie any 
iron attached to its poles or not, though without iron they arc 
not so great as when that metal is present. They are exceed¬ 
ingly curious, and are involved in a theoretical principle, 
which it is not necessary to enter into at present. By com¬ 
paring deflections l and 6 we find that the magnet has lost a 
considerable portion of its power, which portion is greater by 
6° or 8° than that usually lost when no iron is present, all other 
circumstances being the same; which shows that the attach¬ 
ment of the iron to its poles facilitates the subduction of the 
original powers of the magnet. Sec also the first and second 
series of experiments. 

129. I had next recourse to the reverse process of that 
which was pursued in the last experiment. I placed the soft 
iron cylinder in the helix, and attached one pole of the cylin¬ 
drical steel magnet to that extremity of it which v, as nearest, 
to the needle ; and whilst thus arranged, an electric curient 
was transmitted through the helix. The distance between 
the pivot of the needle and nearest pole of the magnet was 12 
inches. The following results were obtained:— 

Sixth Serifs of Kxpkuimiynts, 

Deflections. 

Magnet alone, prior to being'placed in the 

arrangement .... 38 J 

Magnet attached to the iron bar, the latter 

being under the influence of the current . 45' 

Magnet altme, after the iron and current were 
removed . . . . . 38” 

The magnetism of the soft iron left no additional permanent 
power on the steel magnet. • 

130. Having ascertained that an electric current is 
capable of puhduing a considerable portion of the original 
power of an unprotected steel magnet (119, 120), it became 
an enquiry of some interest to ascertain whether or not the 
same current, with the magnet reversed in the helix, was capa¬ 
ble of restoring the power which it had previously subdued. 
1 *ot this purpose, the cylindrical steel magnet was retouched *, 
and alter its deflating power, at the distance of eight inches, 
had been ascertained, it was subjected to the action of an 
electric current from a perfectly new battery, whose copper 
erased about a toot of surface, 

xdhedmm cyXmdermsvde. The battery was made' exceed¬ 
ingly active by a solution of nitro-sulphuric acid. The 
following table shows the results. 
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Seventh Series of Experiments. 

Magnet alone, previous to ils exposure to the current 39 J 
Ditto after being exposed.to a converse current * 4 1' 

Ditto after being exposed to a direct current 2 . 0 ' 

Ditto after a second exposure to ditto . . 20 ° 

Ditto after several other exposures to ditto . 20 ° 

I'll. From this series of experiments, we learn that the 
active electric current here employed was incapable of re- 
stoiing 5 of that portion of the dellectirig force, of a newly 
magnetized hard steel bar, which it was previously enabled to 
subdue, although as powerful during the one process as during 
the other. This exceedingly curious fact I have found in the 
results of several other experiments, and with batteries of 
different powers. Hut the same law does not hold good, un¬ 
less the magnet has been magnetized to a high degree pre¬ 
viously to its being subjected to the electric currents; nor, 
perhaps, will it he found generally exact, even under these 
circumstances, although l have not met with any results in 
direct contradiction to it. And although the ratio of the 
subdued and restored force may vary, I have cause to believe 
that in no case will the restored force be more than one-half 
of that which had been subdued by the same current, when 
the magnet employed is hard cast steel, and not below the 
dimensions of that which I have described (11 .>) : and the 
voltaic plates of proportional magnitude. 

132. Another interesting fact prescnted»itself by neutral¬ 
izing the cylindrical steel bar, and afterwnrds*magnetizing it 
by the electro-magnctic action in the helix, whilst the latter 
was transmitting a copious and active current from the battery 
last described (129), furnished with a new zinc. The deflect¬ 
ing power which the steel acquires, by this process, is about 
one-hall’ of that which it exhibits by means of ordinary mag¬ 
netic excitation. I have doubled and trebled the coil in the 
helix, but in no case has the magnetic power of the steel in¬ 
creased above that I have just mentioned. The facts developed 
by these experiments, are partly attributable to the magnetic 
force receiving different forms of distribution by the magnetic 
and electric processes of excitement; though principally from 
an absolute incapacity in the latter of bringing forth those in¬ 
tense magnetic .forces which hard steel is susceptible of dis¬ 
playing. There seems, indeed, to be a vigorous tension in 
the magnetism of hard steel, which that of electric currents 
cannot compete with in vanquishing those formidable resist¬ 
ing forces presented by hard ferruginous bodies, whilst under¬ 
going the magnetizing process. Even the magnetism of soft 
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iron, when brought into piny by electric currents though 
much move abundant in quantity, is of far lower tension than 
that of hard steel. This curious fact may be shown by experi¬ 
ments with two horse-shoe magnets; one of which shall he 
soft iron, brought into play by electric currents, and the other 
a permanent one of hard steel. When the cross pieces of 
both magnets are of soft iron, the iron magnet will ha\e the 
greatest lifting power; but when both cross pieces are of hard 
steel, the steel magnet will have the greatest : and this is the 
case even when the power of the iron magnet (with soft iron 
cixss pieces) exceeds the other to a considerable extent. 

133. There is a remarkable phenomenon observed whilst 


magnetizing hard steel by electric currents. The deflecting 
power of the steel is much g.cater whilst under the dominion 


of the current than after the latter is cut off. Now, as the 


helix alone exhibits no action on the needle (118, l ID) the 
experiment shows that there is a temporary disposable force 
excited even in hard steel, which that meial does not exhibit 
when the exciting cause is removed. This fact probably 
arises from a new distribution, rather than from an absolute 


loss of the magnetism lit'&t excited by the current. 

134. Having ascertained that the existence of electric 
currents is nowhere to he found in permanent steel magnets, 
(114) and also demonstrated the inadequacy of electric ex¬ 
citement to the production of that extent of magnetic energy 
in hard steel, which is susceptible of development by the 
ordinary process of magnetization (131), it may now he in¬ 
teresting to inquire how far the doctrine of systems of elec¬ 
tric currents is susceptible of application in explaining the 
phenomena exhibited by permanent steel magnets. 

135. Let N and N', lig. 12. represent transverse sections 
of two cylindrical systems of electric currents, both of which 
are flowing in the same direction, as represented by the arrow s: 
and let these cylinders be prolonged parallel to each other to 
any required distance behind the paper. Now, because of 
the electric currents on the adjacent sides of these cylinders 
running in opposite directions, in every pair of parallel sec¬ 
tions, similar to those represented on the paper, those cylinders 
will exhibit a repulsion for each other throughout their whole 
length, or from end to end, according to the principles of 
electro-magnetism. Let, now, the remote extremity of the 
cylinder N' he turned towards the spectator, permitting the 
cy Jinder N to remain unmolested Under these circumstances, 
the same extremities N, and N', of the two cylinders whose 
adjacent currents, in the former case, flowed in opposite 
directions, will now flow in the same direction, as may be 
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understood by looking at fig. 1:3: and consequently those 
extremities will attract each other. Again, let the arrows in 
fig. 14 represent the directions of two cylindrical systems of 
electric currents placed at right angles to each other, as (’ 
and (J\ The adjacent portions of these currents <flow in the 
tame direction, and consequently will attract each other. 
Mow place the electro-magnetic system (." in either of the 
positions represented by fig. 1.3, and it is seen that the 
adjacent currents in C and C' now flow in opposite directions, 
and will consequently repel each other. > 

136. From the above illustrations we learn that the ex¬ 
tremities of two systems of electric currents will either attract 
or repel each other, according to the positions in which they 
are placed, and that they do not exhibit *any specific polarity 
in the manner of ferruginous magnets, whose attractions and 
repulsions have no dependence whatever upon the positions 
in which their extremities are placed with respect to each 
other, hot are invariably relerrible to their specific polar 
character. 'I here is, indeed, a striking distinction in the 
distribution of the magnetic force of steel bars, and that 
exhibited by electric conducting wires, whether the latter be 
in a simple strand, or coiled into any particular fashion. A 
conducting wire formed into a hollow helix displays hut very 
little polarity exteriorly, in the direction of its axis (118, 119,), 
because of the inner and outer sides of the coil exerting their 
magnetic forces in opposite directions: hut with hollow steel 
magnets, the polar forces of each individuabextremity con¬ 
spire with each other, and operate in concert upon vicinal 
ferruginous matter, whether previously polarized or otherwise; 
and in precisely the same manner as such matter is operated 
on by solid -magnets, ilcnce it is, that a polarized needle, 
or srmdl bar, freely suspended, with its centre in the equatorial 
plane of a hollow steel magnet, whether inside or outside of 
the lube, will invariably assume one and the same direction: 
whereas a similarly suspended needle, with reference to, and 
under the influence of, a hollow system of electric currents, 
would assume one direction when within , and ttyi opposite 
direction when without, the system: and as this peculiarity 
of magnetic arrangement would attend every system of electric 
currents that can possibly be formed, it is just to infer that 
the distribution of force 'displayed by steel magnets, or by 
loadstone, cannot be imitated by any system of electric cur¬ 
rents whatever: - and vice versa, the exquisitely uniform 
arrangements of enveloping magnetic action, so beautifully 
displayed around electric currents, appear to be totally 
inimitable by any known forms of ferruginous magnetic 
bodies. 



53 Mr. Joule, on the use of iron wire mttgnets • 

137. It would he an almost endless task to examine every 
fact that might be brought to bear, directly, or indirectly, on 
the subject of this investigation. I have not dwelt on electro¬ 
magnetism to the extent 1 would have done, had my theoreti¬ 
cal views »n that department of electricity not been already 
before the public, although l have cited those electro-mag¬ 
netic phenomena which appear to be the most important in the 
present discussion. In other departments of electricity l 
have enumerated such facts as have appeared necessary to 
collate with purely pmgnetic phenomena; and having dis¬ 
cussed them individually as L have proceeded, a retrospection 
would be needless in this place. The inference to be drawn 
from the investigation of the fads alone, appears to me to 
admit neither of dftubt nor equivocation ; and may be thus 
briefly stated: There are no facts on record which demon¬ 
strate an identity in electricity and. magnetism ; but , on the 
contrary , there are ninny phenomena which justify the idea 
of their being perfectly distinct powers of nature. 


IV. On the use of Electro-magnets made of iron wire for 
the Electro-magnetic engine. By J. P. Joule, Esq. 
Communicated in a letter to the Editor. 


Salford, March 27,1839. 

Dear Sir, a 

In my last letter I gave you an account of some experiments 
which were intended to prove that electro-magnets made of 
iron wire arc th^most suitable for the electro-magnetic engine. 
In those experiments round wire was used,—and it was my 
opinion, that the wire magnets were put in a disadvantageous 
position, in consequence of the interstices between the wires. 

I have since confirmed my views on this subject by the fol¬ 
lowing experiment: 

I constructed two magnets. The first consisted of lfi 
pieces of gquare iron wire, each T ' t inch thick, and 7 inches 
long, bound very tightly together so as to form a solid mass, 
whose transverse section was T V inch square; it was theu 
enveloped by a ribbon of cotton and wound with IG feet of 
covered copper wire, of T ’ ( - inch diameter. The second was 
made of solid iron, and was in every other respect precisely 
like the first. Those magnets were fitted' to the apparatus 
used in my former experiments, and care was taken to make 
the friction of the pivots equal in each. The mean of several 
experiments gave J 62 revolutions per minute for the first, 
and \30 for the second magnet. 
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In the further prosecution of my enquiries, I took 0 pieces 
of round iron of different diameters and lengths, and l piece 
of hollow round iron, -,' f of an inch thick; these were bent 
into the L form, so that the shortest distance between the. 
poles of each, was half an inch; each was then wound (with 
the usual precautions to ensure insulation), with 10 feet of 
covered copper wire, inch in diameter. The lengths and 
diameters arc given in the table. No. 1 is the hollow' magnet. 
The attraction was ascertained by suspending a straight steel 
magnet, 1 ^ inch in length, horizontally to the beam of a ba¬ 
lance, and bringing the several magnets directly underneath 
at the distance of half an inch, which was preserved by the 
interposition of a piece of wood, (’are was taken that the 
battery remained constant during the experiment. 




No. I. No. a. 

No. :t. 

No. -1. 

No. !>. 

No. (i. 

No. 7. 

I.ru^fh in 
iiu hr-s. 

1 

(5 ;>l 

2 *. 

•>[ 

<>] 

d], 

w 1 
— J 

Hinnipln in 


j t 

i 

.» 

I 

1 

l 

in< iu s. 

s 

J i 

} 


H 

1 . 

i 

WViiflit lifted 

l 

3G 52 

92 

GG 

52 

20 

28 

in ounces. 

s 





Attraction in 

i 

s 

7-5 Gd 

51 

.VO 

11 

4-8 

30 

grains. 





A si eel magnet of such dimensions as enabled me to com¬ 
pare it fairly with the rest,, excited in the same circumstances 
an attractive power equal to 2 d grains, while,at the same time 
its lifting power was only GO oz. 

These results will not appear surprising if we consider, first, 
the resistance which iron presents to the induction of mag¬ 
netism : and, secondly, how very much the power of iron to 
conduct magnetism is exalted solely by the completion of the 
ferruginous circuit. In order, however, to explain why the 
long electro-magnets have a greater attracting power, and lift 
less weight, than the short magnets of the same diameter, it 
will he necessary to observe that it was impossible to wrap the 
whole 10 feet of wire on the smaller magnets, without dis¬ 
posing it in two or even three layers (according to the size of 
the magnets): this is a great disadvantage, and one might 
anticipate in consequence that the power of the long magnets 
should be greater than that of the short for lifting as well as 
for attraction, contrary to'the results in the table; this, how¬ 
ever, may he explained, if we admit that the comparative 
resistance of the iron of the electro*magnet increases to a very 
great amount, when its magnetism is so greatly excited by the 
contact of (he armature. 



GO 


Mr. Joule, on the use of iron wire magnets * 

Nothing can he more striking than the difference of the 
ratios of lifting to attractive power, in different magnets; 
whilst the steel magnet attracts with the force of 23 grains 
and lifts CO oz., No. 3 attracts ;V1 grains and lifts 92 oz. 

Here are* some very general directions for making electro¬ 
magnets for lifting. 1st. The magnet, if of cons dcrahle 
bulk, should he compound; and the iron used, of good quality 
and well annealed. 2 d. 'Hie, hulk of the iron should bear a 
much greater ratio to its length than is generally the case. 
3d. The poles should he ground quite true, and fit flatly and 
accurately to the armature. 4th. The armature should he 
equal in thickness to the iron in the magnet. 

I shall now proceed to consider with greater care, what form 
of electro-magnet is best for distant attraction, as that is the 
only force of any use in the electro-magnetic engine. Here 
two things must be considered—the length of the iron, and 
its sectional area. 

Now with regard to the length of the iron, I have found 
that its increase is always accompanied with disadvantage, 
unless the wire is (by using a shorter length) forced to too 
great a distance from the iron. In making magnets for the 
engine it will be proper to use a length less than that which 
gives the maximum of attraction, on several accounts. 

The next thing to he considered is the sectional area. 
You have shown,* that on placing a hollow and solid 
cylinder of iron successively within the same electro-magnetic 
coil, the hollow piece exerted the greatest influence on the 
needle. I wished to ascertain whether a hollow magnet 
might be represented by a solid one whose sectional area and 
circumference is the same, and whose thickness is twice as 
great as that of the hollow magnet. l r ig. 12 and i3 bla^te I. 
will show more clearly what I mean: they represent sections 
of a hollow and a rectangular magnet, anti it will be seen that 
if either of them is divided at the dotted lines, the separate 
pieces when put properly together, will make up the other. 
Two electro-magnets were constructed, each 7 inches long, 
and covered^ with 22 fuet of covered copper wire inch in 
diameter; the sections were precisely similar, but double the 
size of those in the figures. Here is their actual attraction, 
at half an inch distance, for the proper pole of a straight 
steel magnet. 4 * 

, Hollow magnpts. Solid mngueta. 

Attraction in grains .... 1*9 • 17 

With a more power¬ 
ful battery.4 5 4 0 

* See the very interesting researches at page 470, Vol. I, 
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It is evident from this that the hollow magnet has the 
greatest attractive force, hut I do not think that the difference 
is so great as to counterbalance the many advantages which 
the solid maguet would give, if used in the engine. 1 shall 
therefore first relate a rather important cxperimeiit; and se¬ 
condly make an attempt to determine the sectional area of 
solid iron most proper for different powers of battery. 

I made five straight magnets of square iron wire inch 
thick: each was 7 inches long and wound with 22 feet of 
covered copper wire inch in diameter. No. I consisted of 
9; No. 2of 1 (>; No. 3 of 20; No. 4 of 30; and No 0 of 49 
wires ; arranged in the form of a prism with square base and 
sections. Five other magnets were made of solid iron, hut 
in every other respect exactly similar to the first. Here are 
the attracting powers (at half an inch) for a straight steel 
magnet 3 w ith three different galvanic forces. 




No. 1, 

No. 2. J 


No. 4. 

No. 5. 

1 

f Attraction of iron 






1st Ex. 

j magnet in grain*, 
j Ditto of wire mag- 

1-5 

1-9 

K, 

21 

20 

1 

f net. 

21 

2-1 

1*7 

2*0 

1*9 

2 d Ex. 

<j!ron magnet. . . . 

2-0 

2*0 

2*3;; 

> 2*4.0 

2.2 

£ Wire ditto. 

2*0 

2-8 

2*1 

2.2 

2 .0/> 

34 Ex. 

^ Iron magnet. . . . 

27 

39) 

3-4 

Amt 

31 

1 Wire ditto. 

3*3 

:>*8 

3*0 

•J-q 

iV 

200 


The wire used in these magnets w r as taken at the same de¬ 
gree of temper, as that in which it came from the makers: it 
was in consequence not so well annealed* a,» the iron with 
which it wa’s compared. On this account the numbers oppo¬ 
site t<5 the wire magnets are less than they would otherw ise he; 
still, however, the results in the table seem anomalous. First, 
it will he remarked that while the wire magnets are more 
powerful in the first numbers, they are less powerful in the 
last numbers, than the iron magnets. I cannot account for 
this unless by supposing, according to the hypothesis of Dr. 
Page, that the wires of which the magnets are composed repel 
one another’s magnetism in such a manner as to tend to neu¬ 
tralise the general force of the electro magnet, and that this 
neutralizing eifect increases with the number of wires used. 
Put the deficiency of No. 3 magnets in ex. 1. is most remark¬ 
able, and particularly as by increasing the power of the bat¬ 
tery the deficiency is reduced, and that at the same time the 
wire magnet becomes less, though at first it was more, power¬ 
ful than the iron magnet, compared with it. 
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In my next, I shall attempt to determine what sectional 
area is best for different electric forces. In the mean time, 

I remain, dear sir, 

Yours most respectfully, 

J. P. JOULE. 


V. Note on illuminating Gas, and particularly on the 
formation of Gas from water by means of M. Selliques’s 
apparatus. By M. Grouvelle. (Extract.)* 

M. Selliques never said that water by passing over coke 
heated to redness, was transformed into carbonated hydrogen. 
It is well known that it produces a mixture of oxide, carbon, 
and hydrogen, almost entirely pure. 

But M. Selliques charges this hydrogen with carbon by 
causing it to traverse a red-hot cylinder, when it meets with 
highly carbureted oils. It is a chemical combination and uot 
a mixture which then takes place, as is proved by the analysis 
of the gas formed from water, by M. Peligot, Kepetiteur a 
l’Ecole Poly technique ; viz.— 


Carbonated Hydrogen.571 

Oxide of Carbon.28 >100 

Free Hydrogen. 15 j 


Hence the theoretical question of lighting is this: What 
process gives the most light with one kilog. of oil or any re¬ 
sinous substancp, resin, schist, or coal tar, &c. ? One kilog. 
of oil of schist or resin furnished, by Selliques’s apparatus, 70 
cubic feet English of burning gas, of which it requires 3 feet 
to supply a burner equal to 10 wax candles for one hour; 
which gives 23 hours ’ light.. < . 

But at Belleville, Antwerp, Frankfort, and wherever gas 
is made on a large scale from oil of resin and a portion of 
pure resin, the mean product is from 15 to 17 feet per kilog. 
of oil, but in three or four days the product falls to 12 and 15 
feet. The insulated attemps, with new retorts, may give as 
much as 24 or 25 feet: and M. Tailleberg has pronounced 
this production of 25 feet as a great discovery. Let us take 
this number: this gas burns 2^ feet per hour to give the light 
of 10 wax candles; this is (although nearly double the mean) 
thp report furnished by the lighting of the City of Antwerp, 
in October, 1837, with gas from resin at 12 feet to the kilog., 
and in October, 1838, with gas from water. We will only 
reckon upon 2^ feet; hence, 1 kilog. of oil gives at the maxi¬ 
mum 11 hours’ light, and admitting even 34 feet to tHe kilog., 

* From the Comp tea Rondos, &c. No. 23, 1838. Translated by 
Mr. J. II. Lang. 
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as has been stated in a journal (and this quantity cannot per¬ 
haps be obtained without the addition of water), it would then 
be only 15 hours while wo have obtained 23 from the gas 
made from water. 

But the production of gas from water docs notr stop at. 70 
feet per kilog. By increasing the proportion of water to oil 
in the apparatus, we weaken the density of the gas, which ap¬ 
proaches to, and even descends lower than, the density of the 
coal gas. In some experiments made on more than 1500 feet, 
observed for several consecutive hours and proved by a tedious 
process, T carried the production to 222 feet of burning gas with 
1 kilog. of fish oil (the oil of schist, which l had not at this time, 
gives in Selliques’s apparatus the same results as fish oil). 

This gas at 222 feet only burnt 65 feet to give the light of 
10 wax candles; it was scarcely l weaker than coal gas. Gas 
produced at 110 feet to the kilog. of oil of schist gave me a 
consumption of 4 feet 20 for the same burner. Thus at about 
160 feet to the kilog. of oil, the gas from water is equal in 
power to coal gas, and burns 5 feet an hour. Hence, l kilog. 
of oil gives 40 hours' light. It is easy to calculate what this 
light costs with oil of schist, which, in the places of its pro¬ 
duction, is not more than 5 francs per 100 kilog., with a 
combustible expenditure which decreases as the proportion of 
the gas produced and the size of the apparatus increase. With 
the gas from resin, on the contrary, the decomposition of the 
oils operating at the melted surface, small retorts are the 
most advantageous, and at the same time, the volume of the 
gas produced (not its mass) is increased only in decarbureting, 
by a higher temperature, a part of the richest carburets of 
hydrogen. * 

The indefinite increase of light obtained with the gas from 
water, in proportion as it is produced more feeble, tends to 
prove that the presence of the oxide of carbon increases the 
illuminating power of this gas, doubtless increasing the quan¬ 
tity of heat developed during the combustion. 

We learn from two reports made to the Antwerp Society 
for lighting with gas, that from the 1st of June, the City of 
Antwerp was lighted with the greatest success by the gas 
from water; that three furnaces are in active employ and 
produce from 24 to 25 thousand cubic feet of gas per day; not¬ 
withstanding the useless expense with which the Society is 
charged, the gas at 70 feet to the kilog., costs, workmanship 
and keeping up the furnaces included, less than 5 francs per 
100 feet with oil of schist at 15 francs per 100 kilog. 

The superior quality of the gas from water to that from 
coajj on account of its total absence from sulphur and ammo- 
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nia, need not be discussed; and on the other hand, the cost 
of this gas is no longer in doubt: at Antwerp, at Belleville 
even, it has been proved in every way. 

At Antwerp, the burner, equivalent to 10 wax candles, con¬ 
sumes at th'e rate of 3 feet, 1‘35 per hour, and costs 4 francs 
50 cents per 103 feet. 

At Paris, the coal gas (which is not obtained for nothing 
as has been pretended) costs, as the companies know, from 
4 to 5 francs per 100 feet, including workmanship, washing, 
and keeping up the apparatus; at Mons, even the director 
allows 3 francs. At London, it costs 2s. 6d. or 3 francs 12 
cents. 

But it would not be difficult for us, with oil of schist at,6 
or 8 francs, to produce in London, or even in Belgium, gas 
from water, at the rate of 160 feet to the kilog., equal in 
power and superior in quality to the coal gas, at less than 3 
francs per 100 cubit feet Knglish. 

I shall add a few words on the employment of asphaltuin 
pipes. 

The question is not what pressure asphaltuin pipes will 
sustain, that of the gasometers being always infinitely small, 
bvt how they will support the chemical and slow action of 
the gas itself, on the asphaltuin. After some experiments, 
unfortunately too short, several thousand stone pipes were 
placed in Louvain, with w r eil baked asphaltuin joints, and at 
the end of four or five months most of these joints were eaten 
and pierced by the gas. which no doubt attacked them by 
means of the small quantity of essential oil, which it carries 
in its vapours. It was necessary to replace all the resinous 
joints by others of clay, covered with Roman cement, and up 
to the present time the results appear good. 

VI. Description of a Voltaic Battery. By S. E. Hoskins, 

M. D. Communicated in a letter to the Editor. 

Sir, 

The plate voltaic battery, although nearly superseded by the 
more modem cylindrical arrangements, is still of sufficient 
value to sanction an endeavour towards improving its con¬ 
struction. 

If the following description of a jnethod I have devised for 
its simplification be worthy of a place in your excellent Annals, 
I shall be obliged by its insertion. 

The various inconveniences arising from the usual methods 
of connecting galvanic plates, and the difficulty of cleansing 
the zincs when soldered to the coppers, induced me some time 
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ago to seek a more simple mode of effecting junction. The 
result is a method whereby solder, mercury cups, and binding 
screws are dispensed with; and perfect connexion between a 
dozen or eighteen pair of plates effected by the mere adjust¬ 
ment of a couple of thumb screws. > 

Fig. 14, Plate I., represents a wooden frame with fine 
transverse saw cuts, half an inch deep, and one fourth or one 
sixth of an inch apart. This frame is intended to fit over a 
trough without partitions. Each of its projecting extremities 
is perforated for the passage of a brass bolt, having a head at 
one end and a deep thread for the receptioii of a thumb 
screw at the other. 

The plates which are dropped into the transverse saw cuts 
of the frame, alternately interlacing, according to Messrs. De 
la Rue and Young’s plan, are cut out of copper and thin 
sheet zinc.* 

The plates being dropped into the frame, thp long ears are 
to be bent over its convex sides, so that a zinc shall be in 
contact with a copper plate. This being done a strip of wood 
is placed over the bent ears: over this a strip of brass and the 
whole bound together by the bolts and thumb screw, until 
perfect contact is secured. 

This arrangement will be better understood by reference 
to fig. 14, of the accompanying sketch, which gives a transverse 
view of the apparatus. 

a, a, a, a, are^he plano-convex sides of the frame, b, b , b, b , 
the alternating plates of zinc and copper, c, a, c, c, thin strips 
of white deal varnished, and barely long enough to cover the 
series of overlapping ears, d, d, d, d, strips of thick sheet 
brass, as long as the sides of the frame, and perforated at each 
extremity. *’E, E, bolts and thumb screws, which are repre¬ 
sented as having tightened the binders on one side, and in 
readiness to do so on the other. 

The dotted lines, in fig. 15, are intended for pieces of var¬ 
nished cord permanently fixed on the copper plates: a simple 
but effectual method of keeping the plates asunder. 

The battery may be used with dilute acid or with the 
acidulated solution of sulphate of copper recommended by M. 
De la Rue. With the latter, good decomposing action will 
continue for upwards of an hour ; at the end of which time 
three inches of fine platirfum wire can be kept in a state of in- 

* The thinner the better as it can be readily cut and bent, does 
not require wide'saw cuts, which would weaken the frame;—lasts 
quite long enough for one durable operation, and admits of fresh 
plates being used each time. 

Vol. IV.—No. 19, July, 1839. 
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candescence for half an hour or more. In short, the power 
of the battery is quite equal to that of other plate arrangements 
possessing advantage# peculiar to itself. These advantages 
are convenience in an extended sense of the word, and 
economy b©th of time and money. Eighteen or twenty pair 
of plates may he sundered and put together again in a lew 
minutes ; the zincs therefore may be easily washed, amalga¬ 
mated, or replaced, with gireat facility and without the use of 
the soldering tool, the waste of mercury, or the annoyance 
arising from a series of binding screws. A stock fashioned 
by the manipulator may always be kept at hand with no more 
expense than that of the material; and he may extend his 
series with ease to any extent. 

The only parts which cannot in general be made by the 
amateur are the trough, the screws, and the frame. The lat¬ 
ter requires some degree of nicety in its construction,—none 
however which a common carpenter, properly directed, may 
not attain. 

A small battery, such as I have described, has been 
deposited at the Polytechnic Institution, ever since the month 
of October. Mr. Bachhoffner, to whose kindness on all 
occasions I am much indebted, has performed a series of care¬ 
fully conducted experiments with it, and allows me to state 
in his name that my battery is much more powerlul than 
others of the same order, owing to the approximation of the 
plates, and that it is much more convenient^nd manageable 
than any. *• 

I remain. Sir, 

Guernsey , May, 1839. Your obedient servant, 

S. E. HOSKINS, M.D. 


YII. On a JVeio Magnetic Electrical Machine. (Magnet- 

electromotor.) By Dr. Neeff, of Frankfort* 

Exhibited at the Friburg Meeting of Philosophers, in Sept., 1838. 

Since the time I made known the peculiarities of my electrical 
wheel, or mill, to the scientific meeting at Bonn, (and after¬ 
wards in PoggendortPs Annals for November, 183.5,) the re¬ 
markable effects of electrical discharges, repeated in rapid sue-. 
cession, have become studied with jnuch attention: and it was 
soon discovered that, for the production of such a quick succes¬ 
sion of electrical light, magnetic electricity iapecuharly and ex¬ 
cellently adapted. For this purpose magnetic electricity has 
been employed as it is excited by the machine first invented 


* Translated from the German by I. 
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by Pixii, then by Saxton’s and Clarke’s improvements; each 
oL which has an armature of soft iron, surrounded by spirals 
of copper wire, which rotate in front of the poles of a steel 
magnet, !>y which arrangement a machine is brought into 
good operation; and the progressive improvements which the 
sagacious and ingenious Ettingshausen has given to this 
machine, are so excellently contrived, that there appears to 
be left but little more to be done to accomplish its perfection. 
In the meantime, however, I have been inclined to believe 
that some other way must yet be pursued to arrive at the 
principal object in view: which would be to replace the steel 
magnet by an electro-magnet of soft iron. The first effect 
which I obtained by this substitution, was far short of that 
which I had been led to expect, a circumstance that may he 
imputed to the deficiency which attended the first construction 
of the instrument. The essential corrections being, however, 
attained, the magnetic electrical operation can now be brought 
to the wished for vigour; the apparatus is easy and conveni¬ 
ent to manage, durable in its action, of small dimensions, its 
juice trilling, and is well adapted for a variety of purposes 
which are met with by the Surgeon, the Physiologist, and the 
Physician. These results have appeared to me so highly 
gratifying that I am led to believe the instrument is still sus¬ 
ceptible of much farther improvement. 

With respect to the voltaic battery, I have relied upon those 
liquids which I have hitherto been in the custom of using for 
the excitation of voltaic troughs, but have returned to the 
oldest construction of voltaic apjraratus, viz, piles of zinc and 
copper, with intervening discs of moistened paper. The zinc, 
however, 1 amalgamate. When the paper discs have become 
saturated, in'a solution of sulphuric acid, (consisting of about 
one add and ten water) l form the pile, and place it in a 
screw-press. The performance, of this construction of a 
battery, is extremely uniform and durable. Expeiimcnts may 
be carried on daily for a considerable time and still the battery 
will continue active. Even for 12 or 16 days, experiments 
may be carried on before it is necessary to take the pile to 
pieces and introduce fresh discs of paper. Besides, the metals 
become so little corroded that they seldom want any other 
'cleaning than merely wiping away the moisture from about 
their edges, a circumstance always to lie attended to, other¬ 
wise a perceptible portion of the force is lost. With this pile, 
it is pleasing to find that we are not annoyed by the trouble¬ 
some, indeed dangerous, liberation of gas, which always 
attends the apparatus when unamalgamized zinc is employed. 
The screw is also of very great advantage, by the slackening 

E J 
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or tightening of which, the effects of the pile can quickly be 
weakened or strengthened respectively, at pleasure. I use 
plates of greater dimensions and number, as is necessary for 
the maximum of effects. Though but little is to be gained, 
in this way, for the present purpose of the pile, yet it gives me 
a great advantage of diversifying the force in many wajs. 
The action becomes exhausted in, perhaps, about 14 days. 
In the manner above described, l prepared 8 copper and zinc 
plates in four pairs, insulating them from each other by dry 
paper, and keeping them pretty close together by means of 
the screw-press, and combined, as occasion required, the 
similar or dissimilar metals, by means of small conducting 
wires and quicksilver cups. The eight moistened papers 
which were placed between the copper and zinc were 4 inches 
broad and 4| long, the plates being a little larger. The screw - 
press is, perhaps, 7 inches long and G inches broad, anti serves 
as a basis for the support of the other parts of the apparatus. 

The second essential part of the apparatus is the spiral. 
The principle of which is well known, as far as depends upon 
the length, thickness, and winding of the wire. The iron 
axle of the spiral, in every revolution, necessarily weakens the 
electric action, in consequence of a partial neutralization of 
the magnetic poles, by its close approach to them during its 
transits. As regards the function of the spiral, it is now 
known that, when it closes the ciicuit, the iron axle becomes 
magnetic; and, in opening the circuit, this magnetism, as well 
as that of thei wire, immediately disappears; by means of 
which, the electric fluid in the spiral becomes impelled, and ex¬ 
hibited partly in a spark in the reverse order to the battery cir¬ 
cuit, and is parjly led off as a momentum current. The best 
method of a spiral is to have two wires wound close,together. 
We can then employ it according to the various purposes for 
which it is wanted; we can combine the two wires in the same 
direction or in opposite directions; we can even, by the one,- 
close and open the circuit, and by the other, lead away the 
magnetic electricity. 

The third element of the magnet-electromotor is the 
mechanical, by which the closings and openings of the circuit 
through the spiral are performed. For this purpose, I first 
availed myself of the electric wheel, by which contrivance’ 
the shocks succeed one anothef with great velocity, and 
become well defined. W hen I had ascertained the powerful 
action of the apparatus, I was desirous of having it to excite 
itself, as in the electro-magnetic machine, without the in¬ 
convenience of turning the wheel. The ingenious construction 
which I employ for the purpose is due to Mr. J. P, Wagner. 
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It combines simplicity with efficacy, and is the result of a 
variety of contrivances which have now been carried on for 
two years: and was given to me by that gentleman. There are 
two parts inserted between the voltaic series and the spiral, 
which I call hammer and anvil. The hammer Ss a piece 
which is attached to one end of the spiral, (the other end 
being connected with one pole of the series) and the anvil is 
connected with the other pole of the series. If now, the 
hammer rests upon the anvil, the circuit will be closed, and 
the iron axle, becoming magnetic, attracts an iron plate which 
fastens to the hammer, and draws it away from its contact 
with the anvil. By these means the circuit will be opened, 
and the iron axle immediately loses its. magnetism, which 
permits the hammer to fall down again to the anvil and again 
closes the circuit. This done the same motions begin anew, 
and are repeated as long as the pile retains its power. The 
hammer may be brought to any required distance from the 
anvil at pleasure, and mercury may be employed between 
them if thought necessary: and there is also a contrivance 
for elevating or depressing the anvil. These modifications of 
the apparatus permit the rapidity of the openings and closings 
to be varied in several ways. 

The apparatus operates upon principles already known. 
The various combinations of the spiral wire serve the purpose 
of attaining various objects. If, for instance, we require a 
great quantity of the electric force, we must unite the ends 
of both spiral wires which are of the same name; by which 
means we shall have sparks and chemical decompositions at a 
maximum. On the other hand, if we desire a maximum of 
intensity , then we must unite the ends of the -wires which arc 
of different'women, by which means the greatest effect is pro¬ 
duced on inferior conducting bodies. The fiery sparks appear 
between the hammer and anvil. The decompositions and 
shocks are obtained by bringing the respective* bodies into 
contact with one end of the spiral wire; also to the quick¬ 
silver shank to which the hammer is united, and to that pole 
of the series which touches the other end of the spiral. Of 
the experiments I shall mention only one; the deflagration 
of various metals, and particularly of quicksilver under water. 
* The convulsions of this metal are shown by placing a drop of 
it under acidulated water and touching it with one end of the 
spiral wire ; a rotation immediately commences in the water; 
and,- by introducing a charcoal point, the phenomenon becomes 
striking and beautiful. The action on the human body is 
extremely powerful. When the spiral wire is only 400 feet 
long we flud that lively shocks are given even when the poles 
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are touched with dry fingers, which, by a somewhat stronger 
pressure, become increased to an insufferable degree. By a 
moderately weak contact, one hears a gentle crackling noise, 
which appears to arise from a series of small sparks passing 
through tHfe insulating epidermis. By moistening the finger 
in water, one gets only a tolerable superficial connexion, which 
continues but for a few seconds when the action is strong. 
The intensity is sufficiently great to transmit shocks through 
a series of many persons who are connected with moistened 
hands. A very interesting experiment is made by the employ¬ 
ment of two polar plates, by means of which we obtain a 
current through a mass of water, and the human body, or 
even a hand immerspd between these plates, is acted upon by 
the current. In this electrical bath, independently of any 
direct contact with the polar [dates, the immersed body 
deprives the water of the greatest part of the electrical current, 
and, consequently, a lively sensation is experienced at every 
point of the immersed part. The importance of such electri¬ 
cal baths for medical purposes is very easily perceived, ami 
ought to he strictly attended to by llie faculty. 

Finally, by augmenting the length and thickness of the 
spiral wire, the force becomes exalted, and answers for every 
purpose ; and one can predict with certainty that it is capable 
of decomposing the alkalies. It is belter adapted for this 
purpose when, instead of wire, a copper band, (a strip of sheet 
copper) in about twelve even spirals, is wound round the 
axle, having th<? inner and outer ends prepared with quick¬ 
silver cups for the purpose of varying the connexions. On 
this plan my Reometer (an instrument described in Gehler’s 
Phil, Dictionary, new edition, vol. vi., see. ‘6, p. 2-194) is con¬ 
structed and brought into action. * • 

Vlir. Notice from Dr. Robert Hark, Professor of Che¬ 
mistry. &c., respecting the fusion of plat ina, also respect¬ 
ing a new Ether, and a series of gaseous compounds formed 
with the elements of water * 

I have by improvements in my process for fusing platina, 
succeeded in reducing twenty five ouucesf of that metal to a 
state so liquid, that the containing cavity not being sufficiently 
capacious, about two ounces overflowed it,‘leaving a mass of 
twenty three ounces. I repeat that I see no difficulty in 

* Communicated b^ the Author. 

+ Troy weight. The actual quantity fused wrffc 15,250 grs .; 
the lump remaining weighed 10,937 grs. 
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extending the power of my apparatus to the fusion of much 
larger masses. 

When nitric acid or sulphuric acid with a nitrate is em¬ 
ployed to generate ether, there must he an excess of two atoms 
of oxygen for each aiom of the hypouitrous acid which enters 
into combination. This excess involves not only the con¬ 
sumption of a large proportion of alcohol, but also gives rise 
to several acids aud to some volatile and acrid liquids. 

It occurred to me that for the production of pure hyponitrous 
ether a hypouitrite should be used. The result has fully 
realized my expectations. 

By subjecting hypouitrite of potassa or soda to alcohol and 
diluted sulphuric acid, I have obtained a species of ether which 
diilers frdm that usually known as nitrous or nitric ether in 
being sweeter to the taste, more bland to the smell, and more 
volatile. It boils below 65° of F., and produces by its spon¬ 
taneous evaporation a temperature of 0—15° l'\ On contact 
with the finger or tongue it hisses as water does with red hot 
iron. After being made to boil, if allowed to stand for some 
time at a temperature below its boiling point, ebullition may 
be renewed in it apparently at a temperature lower than that 
at which it had ceased. Possibly this apparent ebullition 
arises from the partial resolution of the liquid into an aeriform 
ethereal fluid, which escapes, both during the distillation of 
the liquid ether aud after it has ceased, at a temperature below 
freezing. This aeriform product has been found partially 
condensible by pressure, into a yellow liquid, the vapor of 
which, when allowed to enter the mouth or nose, produced an 
impression like that of the liquid ether. I conjecture that it 
consists of nitric oxide, so united to a portion, of the ether as 
to prevent ihe wonted reaction of this gas with atmospheric 
oxygeh. Hence it does not produce red fumes on being 
mingled with air. 

Towards the end of the ordinary process for the evolution of 
the sweet spirits of nitre, a volatile acrid liquid is created 
which affects the eyes and nose like mustard, or horse radish. 

\Vhen the new ether as it first condenses is distilled from 
quick-lime, this earth becomes imbued with an essential oil 
which it yields to hydric ether. This oil may be afterwards 
isolated by the spontaneous evaporation of its solvent. It has 
a mixed odour, partly agreeable, partly unpleasant. From 
the affinity of its odor and that of common nitrous ether, I 
infer that it is one of the impurities which exist in that com¬ 
pound. 

The new ether is obtained in the highest degree of purity, 
though in less quantity, by introducing the materials into a 
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strong well ground stoppered bottle, refrigerated by snow and 
salt. After some time the ether will form a supernatant 
stratum, which may be separated by decomposition. Any 
acid, having a stronger affinity for the alkaline base than the 
hyponitrous acid, will answer to generate this ether. Acetic- 
acid not only extricates but appears to combine with it, form¬ 
ing apparently a hyponitro-acetic ether. 

I observed some years ago that when olefiant gas is inflamed 
with an inadequate supply of oxygen, carbon is deposited, 
while the resulting gas occupies double the space of the mix¬ 
ture before explosion. Of this I conceive I have discovered 
the explanation. By a great number of experiments, per¬ 
formed with the aid of my barometer gauge Eudiometer, I 
have ascertained that if during the explosion of the gaseous 
elements of water any gaseous or volatile inflammable matter 
be present, instead of condensing there will be a permanent 
gas formed by the union of the nascent water with the inflam¬ 
mable matter. Thus two volumes of oxygen, with four of hydro¬ 
gen, and one of olefiant gas, give six volumes of permanent gas, 
which burns and smells like light carburetted hydrogen. The 
same quantity of the pure hydrogen and oxygen with half a 
volume of hydric ether gives on the average the same residue. 
One volume of the new hyponitrous ether under like circum¬ 
stances produced five volumes of gas. 

An analogous product is obtained when the same aqueous 
elements are inflamed in the presence of an essential oil. 
With oil of turpentine a gas was obtained weighing per hun¬ 
dred cubic inches 16A grs., which is nearly the gravity of 
light carburetted hydrogen. The gas obtained from olefiant 
gas, or from eth^r, weighed on the average, per the same bulk 
13 ,V grs. The olefiant gas which I used weighed-per hun¬ 
dred cubic inches only .‘'OfV grs. Of course if perse expanded 
into six volumes it could have weighed only one sixth of that 
weight, or little over five grains per hundred cubic inches. 
There can therefore be no doubt that the gas obtained by the 
means in question, is chiefly constituted of water, or of its 
elements in the same proportion H*0. 

With a volume of the new ether, six volumes of the mixture 
of hydrogen and oxygen give on the average about five residual 
volumes. The gas created in either of the modes above men¬ 
tioned does not contain carboniq Acid, and when generated 
from olefiant gas appears by analysis to yield the same quantity 
of carbon and hydrogen as that gas affords before expansion. 

These facts point out a source of error in experiments, tor 
analysing gaseous mixtures by ignition with oxygen ot hydro- 
sen, in which the consequent condensation is appealed to as a 
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basis for an estimate. It appears that the resulting water 
may form new products with certain volatilizable substances 
which may be present. 


IX. REVIEWS AND NOTICES OF NEW BOOKS. 

A Course of Right Lectures on Electricity , Galvanism , 

Magnetism , and Electro-magnetism. By Henry M. 

No ad, Member of the London Electrical Society. Scott, 

Webster, and Geary, 36, Charter-House Square. 

Mr. Noad’s Lectures, like some other recent publications 
purporting to treat on these subjects, aye, principally, if not 
totally, compilations from other sources, to no one of which 
have they made even the slightest contribution. Mr. Noad 
has obviously read several authors on the subjects of his Lec¬ 
tures, and, of course, has selected those parts and parcels of 
their works which appeared most suitable to his purpose. It 
is our duty, however, in justice to its author, to state, that 
Mr. Noad has drawn, to a rather unusual extent, on Sir 
David Brewster’s “ Treatise On Magnetism,” many parcels 
of which, already in a suitable dress for the “ Lectures,” of 
course, required only the mere process of transplantation from 
one work to the other. We do not, however, find fault with 
Mr. Noad for thus availing himself of the matter in its origi¬ 
nal elegant form, because it is well chosen and well adapted 
to the purpose ; aud, as he has not attempted to conceal his 
authorities, but, in general, has been very liberal in acknow¬ 
ledging them, his “ Lectures” claim our best wishes for their 
success, sincerely hoping that they may produce a better effect 
than that of beguiling an idle hour , which the preface 
informs us is the only “ object of the author” for offering 
them to public notice. 


“ Magnetical Investigations .” By the Rev. Wm. Scoresby, 
B. D., Fellow of the Royal Societies of London and 
Edinburgh ; Corresponding Member of the Institute of 
France, Sfv., 8fc. Longman, Orme, Brown, Green, and 
Longmans, Paternoster Row. 

We have, in fhis work, *a series of magnetical observations 
and facts of exceedingly great interest, whether they be viewed 
in a theoretical point of view, or of practical applicability. 
The labour§ of Mr. Scoresby, as an experimental philosopher, 
have long been sufficiently known to the scientific world to 
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establish liis reputation as an indefatigable and exact, investi¬ 
gator; and we have great pleasure in stating that the origin¬ 
ality of many facts which we have observed in this neat little 
volume, do equal credit to the author with any of the pre¬ 
ceding results of his valuable investigations. 

Mr. Seoresby prefaces his interesting Investigations with 
the following series of “ Introductory Observations,” so ad¬ 
mirably appropriated to the scientific importance, and theo¬ 
logical diguitj, of his subject. 

“ It had long been conjectured that a most intimate con¬ 
nexion, if not identity of nature, might probably exist among 
some of the more subtle and mysterious agents, or principles 
of different denominations, and, apparently, of different 
characteristics, which universally pervade the region in and 
about this earth. 

“ Modern discoveries in electro-magnetism, with the cognate 
relations which these have developed as existing in other 
principles of natural bodies, have gone far to verify these 
anticipations; and at the same time to yield so much additional 
knowledge of the constitution of the physical system of our 
planet, as to give a new, an interesting, and a prominent im¬ 
portance to, electrical and magnetical science. 

“ To the time of Dr. Gilbert, of Colchester, magnetism 
was only known as a mysterious virtue, existing in and 
peculiar to, the loadstone, or ferruginous substances which had 
been touched by this extraordinary mineral, from which cer¬ 
tain qualities of ^attract ion and direction were derived. But 
this eminent individual discovered, as he has left on record 
in his 1 Physiologia Nova, sen Traetatus de Magneto et 
C'orporibus Magnetisis;’ published in the year 1600, that the 
phenomenon of the meridional. adjustment of the magnetic 
needle was not owing to any mystical virtue, exercised oilt of 
the course of natural principles, but a mere result of the 
directive action of the earth; which he truly considered as the 
controlling agent, by reason of its being in its matter and 
constitution magnetic. 

“ So long as magnetism was known only as a separate or 
simple principle, the philosophic ideas of Dr. Gilbert were 
never materially advanced; but, on the discoveries of Professor 
GErsted, whereby the long-suspected connexion betwixt 
electricity and magnetism was established, an amazing en¬ 
largement was at once yielded to magnetical’knowledge, and 
a corresponding impulse given to magnetic research. 

“ The effect has been to give a science, formerly considered 
as comparatively of an inferior class, a grandeur qjf considera¬ 
tion ; placing it at once amongst those mighty principles which 
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infinite wisdom has appointed, and infinite power ordained 
as essential elements or agencies in the physical constitution 
of the world. For inasmuch as the inseparable connexion has 
been established betwixt electricity and magnetism, these, 
under various forms of development, reciprocally developing 
each other, it necessarily follows, that, to whatever extent in 
creation electricity operates, to the same extent the magnetic 
principle must reach. And inasmuch as heat, light, and 
chemical action, are each, more or less, developers of one form 
or another of the electro-magnetic principle, the analogies of 
science would lead us to infer, that magnetism is co-extensive 
with these ot her agencies, throughout their range of operation. 
Hence, there is little doubt but the principle, which, a few 
years ago, was known only as a director of the compass needle, 
as to its utility, and ns little more than a curiosity in science, 
is one of the mighty energies by which, instrumentally, the 
works of the great Creator are regulated; one of those subtle 
powers which he hath oidained as his servants, ‘fulfilling his 
word;’ and whereby, ‘the sweet influences’ of the whole sys¬ 
tem of the universe are hound together, controlled, and upheld. 
Thus the subject of magnetism becomes of the highest con¬ 
sideration ; in science, as to its mightiness and extent of 
operation ; and, in natural theology, as calculated to connect 
the researches of human intelligence, with him who hath cre¬ 
ated these wonders; to elevate the feelings of reverence and 
adoration in the devotional mind, and to proclaim more clearly, 
in proportion as the invisible things are understood, ‘ His 
eternal power and Godhead.’ 

“ It is not my object, however, in this publication, to carry 
out those views to which the more enlarged consideration of 
magnetisrti, as a science, might be advantageously applied; 
but that, in thus showing something of the importance of the 
subject as a science, I may solicit, for the contributions which 
are here offered for it, such reasonable consideration as, in this 
connexion, they may fairly claim. 

“ To the subject of magnetism , my attention has, for a 
series of years, been more or less directed; latterly with the 
view, particularly, of producing more powerful instruments for 
the determination of delicate variations in, and the actual 
condition of, the earth’s magnetism; a subject which, from its 
greatly increased importance, is now engaging attention in 
some of the principal observatories in Europe. 

“ In contemplating such improvement in instruments de¬ 
pendent for their adjustment on the earth’s magnetism, the 
grand desideratum would obviously be, the attainment of 
increased energy, or directive power, in magnetic needles, or 
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bars of any given length or mass. And, that the attainment 
of such increased energy was a promising field of enquiry, l 
was satisfied, from the mere consideration of the surprising 
superiority in power of electro-magnets over permanent arti¬ 
ficial magnets; strongly indicating the existence of a far 
greater capacity for magnetism, than we have hither! o been 
able to develop, or, if developed, to retain. Whilst this con¬ 
sideration yielded every encouragement to the enquiry, an 
experimental fact, in regard to the proportional power of mag¬ 
nets of unequal thickness , suggested that guidance, in pursuing 
the enquiry, which not only led ( as will, I trust, subsequently 
appear) to a successful result in regard to the object particu¬ 
larly specified, but gave rise to investigations extending 
beyond my original dfesign, and eminently calculated, 1 con¬ 
ceive, for the improvement of sea compasses—hitherto so very 
defective—aswell as artificial magnets, and magnetic apparatus 
generally. The fact referred to was this. When examining, 
many years ago, the directive power of various artificial bar- 
magnets, for the purpose of determining the practicability of 
ascertaining the thickness of roeks, &c. in tunneling and 
mining, by the method of deviations communicated to the 
Royal Society in 1831,—the idea occurred to me, that, if the 
bars ordinarily employed for compass needles, &c. were 
divided into laminaj; or if, in other words, they were made 
up of thin plates to the extent of the masses of the bars com¬ 
monly in use, a greater degree of energy would be obtained. 
Experiment fully justified this opinion. But previous to the 
application of the principle to instruments directed by the 
earth’s magnetism, 1 had made trial of a combination of 
laminae of thoroughly tempered steel , for the construction 
of a small compound magnet. * The substance mdde use of 
was watch-spring, of which fourteen pieces, of two inches in 
length, were combined, after being magnetized, and formed a 
small magnet, weighing, in amount of steel, about one hundred 
grains. From a want of knowledge, at that time, of the best 
mode of magnetizing thin plates, the power obtained was 
much less than was expected; but when the same little in¬ 
strument was subsequently magnetized, in a mass, by the 
process hereafter described, its efficiency became very striking, 
—the power being found to be such as to lift, by one pole, a 
polishea nail of about 800 grains, or eight times its own 
weight. 

“ A trial apparatus, of the nature of a variation needle , on 
the same principle,—improved, however, for this purpose, by 
the separation of the plates—was constructed in the year 
1836, which was exhibited to the * British Association for 
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the Promotion of Science,’ the same year. Put being with¬ 
out any precise knowledge of the laws of combination in 
magnetized plates, or even of the actual power of this instru¬ 
ment, though obviously great, a mere general idea only of its 
relative superiority could then be obtained. Since that time 
I have investigated, in an elaborate series of experiments, and 
with a somewhat expensive variety of apparatus, the principles 
of the construction adopted, so as satisfactorily to prove, I 
conceive, the decided advantage of that construction for sea, 
and other, compasses, and to apply the principle to various 
practical purposes in magnetics. 

“In the original *variation compass* just referred to, the 
plates, as I have intimated, were no\ placed in immediate 
contact, but separated by thin slips of’wood or card-board; 
f<y I had previously found, when combining magnets for other 
purposes, that a material loss of power, in the individual 
intensities of the bars, was, in all cases, occasioned by com¬ 
bination : but that, when the combination was not made in 
contact, an inferior deterioration took place. 

“ The subjects to which I was primarily guided by these pre¬ 
liminary considerations and results, extended to the following 
particulars:—The effect of the division in various directions 
of the mass of steel, on its magnetic capabilities,— the law 
of combination of magnetized steel plates in contact—the 
law of com hin at iota when the plates are separated by limited 
spaces—the effect of temper or degree of hardness, and the 
degree of permanency of the power in combinations of mag¬ 
netized steel plates. A few of the most important results 
obtained from these investigations, were forwarded to the 
Institute of France, jn February, 1838. These investigations 
proved sufficient to show that the idea entertained in the 
outset, of practicability of producing, by means of combination 
of magnetized steel plates, more powerful apparatus than had 
hitherto been in use, for experiment and observation in magnet- 
ical science, and for practical purposes in magnetics generally, 
was not incorrectly founded. But the most important practi¬ 
cal applications of these principles, with the results of several 
new an<| distinct investigations, yet remain behind. The 
description of these, in the first instance, is the object of the 
present publication; and it is hoped that the results will be 
found to develop some • new and some improved principles of 
construction, applicable both to instruments designed to be 
directed by the earth’s magnetism, and to the improvement 
of apparatus in which a permanent and concentrate energy 
are requisite; together with a useful application of some of 
the laws developed in these or previous investigations, to the 
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testing of the quality of steel, and the determining of the 
degree of its hardness, purposes of the highest importance 
in the construction of delicate instruments used in the arts, 
or by professional men. 

“The several results and applications of these recent 
personal researches, may be conveniently classed under 
separate heads, belonging to the development of principles, or 
of dillerent practical processes, in magnetism. Some of these 
will, no doubt, be ^'solvable, in certain particulars, into 
principles or methods heretofore known; but, in all, it is pre¬ 
sumed, something peculiar, as to decisiveness of the results 
bearing on principles, or as to convenience of adaptation, or 
efficacy of manipulation, or improvement in construction, in 
regard to the practical subjects, will be found.” 

From the abo\ e prefatory chapter, our readers will dis¬ 
cover that the objects of Mr. Scoresby’s investigations are of a 
high scientific character; and we can assure them that we have 
not met with so valuable a work on magnetics as that before 
us, since the appearance of the second edition of Mr. Barlow’s 
“Magnetic Attractions,” a work of great merit, and intrinsic 
importance, in this branch of physics. It is such productions 
as these that every scientific man delights to peruse; and 
every scientific journalist ought to take a pleasure in recom¬ 
mending to his readers, Every novel fact that becomes de¬ 
veloped by physical enquiries gives new impulses to the pur¬ 
suit, implants an additional gem in the diadem of science, en¬ 
hances the lustre of the whole, and, sooner or later, yields 
new sources of comfort and happiness to man. 

X. MISCELLANEOUS ARTICLES. 

Galvanic experiments on the body of an executed 

Murderer. 

Coleman, a mulatto, who murdered his wife, was executed 
at. New York on the 15th of Feb., 1S39. After the body had 
hung for about a quarter ol' an hour it was cut down. Mr. 
Chilton, and several other scientific men, then operated in the 
following way on the corpse. The instrument used* in these 
experiments was a newly invented one, called a Galvanic 
Multiplier; the whole amount of zin«? surface exposed to the 
acid wps about one foot, and yet the shock produced is equal, 
if not greater, than that of a battery of 100 inch plates. 

1 st Experiment .—The lungs wore filled with oxygen gas. 
The phrenic nerve and eighth pair were dissected jn the neck; 
a metallic piece, having a number of points on it, was placed 
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over the ribs, the points being inserted through the skin. 'Hie 
moment the lungs were tilled with the gas, the galvanic cur¬ 
rent was passed lrom the nerves at ihe neck to the diaphragm. 
The object was to bring about respiration. The effect pro¬ 
duced was, violent contraction of all the rnusclei, the chest 
heaved but no air appeared to enter the lungs, the head and 
neck were thrown on one side by the spasm produced. 2d. 
The metallic piece was removed from the abdomen, and an 
incision was made through the cartilagxbf the seventh rib, 
one pole of the instrument was placed in the opening, so as to 
touch the diaphragm ; the other was p aced on the neck. The 
effect produced was similar to the first. 3d. The posterior 
tibial nerve at the heel was exposed ; oijp pole applied to this 
the other to the nock. Effect—the muscle of the leg was 
thrown into action, with convulsive movements of the body. 

4 th. One pole was Held at the tibian nerve—the mouth was 
then opened, and the other pole put into it. The moment it 
touched the tongue the teeth became firmly clenched, and 
held so hard on to the jvire as to require considerable force to 
extricate it. This was repeated several times. 5th. The 
next experiment was to try the effect produced by merely ap¬ 
plying the poles of the instrument to the surface of the body, 
previously wetting its parts with a saline solution, to render 
, the contact more perfect. The effects on the body appeared 
quite as great as when the large nerves were touched. The 
poles of the apparatus were placed in the above manner, one 
to the leg, the other to different parts of the#face. The facial 
muscles were alternately thrown into action a«^tb€'different 
nerves of the face were touched. 'I he eJJe ct of this was ter¬ 
rific in the extreme. Every muscle of the,grim murderer’s 
countenance was thrown intcHthe most horrible contortions: 
rage, horror, anguish, and despair, the most rapid smiles, the 
most hideous expressions of contempt and hatred, by turns 
were depicted on his countenance, and gave a fearful wildness 
io his face, which far surpassed even the most vivid imagina¬ 
tion from Fuseli’s brain, or Kean’s scenic display that we ever 
•'witnessed. Several of the audience were excessively appalled; 
some left m double quick tiiqf, and many confessed, that, if 
they had staid, they certainly should nave fainted. At one 
part of the operations, when the murderer raised his right arm 
and passed it in different directions, w r e saw the cheeks of 
several stout hearted fellows blanched with fear: and one, 
whose name we do not wish to mention, actually whispered 
“ sure, he has come to life.” Above an hour was spent in the 
experiments, and then the prison was cleared and the body 
removed niftier the directions of the surgeons.— Jersey Times 
and NJrral and Military Chronicle. 
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§ 20. Nature of the electric jbree or forces. 

1667- The theory of induction set forth and illustrated in the 
three preceding series of experimental researches does not assume 
anything new as to the nature of the electric force or forces, but 
only as to their distribution. The effects may depend upon the 
association of one electric fluid with the narticles,of matter, as in 
the theory of Franklin, Epinus, CaVendish, and Mossotti ; or they 
may depend upon the association of two electric fluids, as in the 
theory of Dufay and Poisson; or they may not depend upon any¬ 
thing which can properly be called the electric fluid, but on vibra¬ 
tions dr other affections of the matter in which they appear. The 
theory is unaffected by such differences in the mode of viewing the 
nature of the forces; and though it professes to perform the im- 
portaht office of stating how the powers are arranged (at least in 
lnductivd phenomena), it does * not, as far as I can yet peree#e, 
supply a single experiment which can be considered as a distin¬ 
guishing test of the truth of any one of these various views. 

Vol. V. — No. 80, December, 1840 3 D 
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1668. But, to ascertain how the forces are arranged, to trace 
them in their various relations to the particles of matter, to deter¬ 
mine their general 4bws, and also the specific differences which 
occur under these laws, is as important as, if not more so than, to 
know whether the forces reside in a fluid or not; and with the 
hope of assisting in this research, I shall offer some»further develop¬ 
ments, theoretical and experimental, of the conditions under which 
I suppose the ‘particles of matter are placed when exhibiting induc¬ 
tive phenomena. 

1669. The theory assumes that all, the particles, whether of 
insulating or conducting matter, are as wholes conductors. 

1670. That not being polar in their normal state, they can be¬ 
come so by the influence of neighbouring charged particles, the 
polar state being developed at the instant, exactly as in an insu¬ 
lated conducting mass, consisting of many particles. 

1671. That the particles when polarized are in a forced state, 
and tend to return to their normal or natural condition. 

1672. That being as wholes conductors, they can readily be 
charged, either bodily or polarly. 

1673. That particles which being contiguous are also in the 
line of inductive action can communicate'or transfer their polar 
forces one to another more or less readily. 

1674. That those doing so less readily require the polar forces 
to be raised to a higher degree before this transference or commu¬ 
nication takes place. 

• 1675. That the ready communication of forces between conti¬ 
guous particles constitutes conduction , and the difficult, communica¬ 
tion insulation; conductors and insulators being bodies whose 
particles naturally possess the property of communicating their 
respective forces easily or with difficulty; having these differences 
just as they have differences of any other natural property. 

l6?f). That ordinary induction is the effect resulting fropi the 
action of matter charged with excited or free electricity upon insu¬ 
lating matter, tending to produce in it an equal amount of the 
contrary state.. 

_ o 

1677• That it can do this only by polarizing the particles con 1 
tiguous to it, which perform the same office to the next, and these 
again to those beyond j and that thus the action is propagated 
from the excited body to the next conducting mass, and there 
renders the contrary force evident in consequence of the effect of 
communication which supervenes in the conducting mass upon the * 
polarization of the particles of that body (1675.,). 

lfiX8. That therefore induction caft only take place through or 

across insulators; that induction is insolation, it being the neces- 

* * 
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sary consequence of the state of the particles and the mode in 
which the influence of electrical forces is transferred or transmitted 
through or across such insulating media. • 

1679. The particles of *an insulating dielectric whilst under in¬ 
duction may be compared to a series of small%iagnetic needles, or 
more correctly still to a series of small insulated conductors. If 
the space round a charged globe were filled with a mixture of an 
insulating dielectric, as oil of turpentine or air, and small globular 
conductors, as shot, the latter being at a little distance from each 
other so as to be insulated, then these would in their condition and 
action exactly resemble what I consider to be the condition and 
action of the particles of the insulating dielectric itself (1337). If 
the globe were charged, these little conductors would all be polar; 
if the globe were discharged, they would all return to the r normal 
state, to be polarized again upon the recharging of the globe. The 
state developed by induction through such particles on a mass of 
conducting matter*at a distance would be of the contrary kind, and 
exactly equal in amount to the force in the inductric globe. There 
would be a lateral diffusion of force (1224. 12.97.), because each 
polarized sphere woujd be in an active or tense relation to all those 
contiguous to it, just *as onfe magnet can affect two'or more mag¬ 
netic needles near it, and these again a still greater number beyond 
them. Hence would result the production of curved lines of in¬ 
ductive force if the inducteous body in such a mixed dielectric were 
an uninsulated metallic ball (1219, &c.) or other properly shaped 
mass. Such curved lines are the consequences of the two electric 
forces arranged as I have assumed them to be: and, that the in¬ 
ductive force can l>e directed in such curved lines is the strongest 
proof of the presence of the two powers and the poh;y. condition ot’ 
the dielectric particles. - 

1680. I think it is evident, that in the case stated, action at a* 
distance can only result through an action of the contiguous con¬ 
ducting partiiles. There is no reason why the iuductive body 
should polarize or affect distant conductors and leave those near it, 
namely the particles of the dielectric, unaffected: and everything 
in the form of fact and experiment with conducting masses or par¬ 
ticles of a sensible sjze contradicts such a supposition. 

1681. A striking character of the electric power is that it is 
limited and exclusive, and that the two forces being always present 
are exactly equal in amount. The forces are related in one of two 
ways, either as in the natural normal condition of an uncharged 
insuluted conductor; or as in the charged state, the latter being a 
case of induction. 

1682. Cases of induction are easily arranged so that the two 
forces being limited in their direction shall present no phenomena 
or indications external to the apparatus employed. • Thus, if a 
Leyden jar, having its external coating a little higher than the in- 
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ternaij be charged and then its charging 'ball and rod removed’, 
such jar wi.JJ present no electrical appearances so long as its outside 
is uninsulated. The two forces which may be said to be in the 
coatings, or in the particles of the dielectric contiguous to them, are 
entirely engaged tooeach other by induction through the glass ; 
anda.carrier ball (1181.) applied either to the inside or outside of 
tlie jar will show no signs of electricity. But if the jar be insulated, 
and the charging ball and rod, in an uncharged state and suspended 
by an insulating thread of white, silk, be restored to their place, 
then the part projecting above the jar will give electrical indications 
and charge the carrier, and at the same time the outside coating of 
the jar will be found in the opposite state an^l inductric towards 
external surrounding objects. 

1683. These are sijnple consequences of the theory. Whilst the 
charge of the inner coating could induce only through the glass 
towards the outer coating, and the latter contained no more of the 
contrary force than was equivalent to it, no induction external to 
the jar could be perceived ; but when the inner coating was ex¬ 
tended by the rod and ball so that it could induce through the air 
towards external objects, then the tension qf the polarized glass 
molecules would, by their tendency to return to the normal state, 
tall a little, and a portion of the charge passing to the surface of 
this new part of the inner conductor, would produce inductive 
action through the air towards distant objects, whilst at the same 
time a part of the force in the outer coating previously directed 
inwards would now be at liberty, and indeed be constrained to in¬ 
duct outwards through the air, producing in that outer coating 
what is sometimes called, though I think,very improperly, free 
charge. If a.~mall Leyden jar be converted into tha| form of 
apparatus usually known by the name of the electric well', it will 
illustrate this action very completely. 

ld8L The terms free charge and dissimulated electricity convey 
therefore erroneous notions if they are meant to im jjly any,difFer- 
ence as to the mode or kind of action. The charge upon an in¬ 
sulated conductor in the middle of a room is in the same relation 
to the walls of that room as the charge upon the inner coating of a 
Leyden jar is to the outer coating of the same jar. The one is not 
more free or more dissimulated than the other; and when sometimes 
we make electricity appear where it was not evident before, as upon 
the outside of a charged jar, when, after insulating it, we touch 
the inner coating, it is only because we divert more or less of the 
inductive force from one direction into another ; tor not the slightest 
change is in such circumstances impressed upon the character or 
action of the force- * • • 

l6$5t Having given this general thcoVetical view, I will now 
notice particular points relating to the natur&of the assumed electric 
polarity of the insulating dielectric particles. > 
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1686^ The polar state may be considered in common induction 
as a forced state, the particles tending to return to their normal 
condition. It may probably be raised to a very high degree by 
approximation of the inductric and inducteous bodies or by other 
circumstances; and the phenomena of electrdlyzation (801. 1652. 
1700.) seem to imply that the quantity of power which can thus be 
accumulated on a single particle is enormous. Hereafter we may 
be able to compare corpuscular forces, as those of gravity, cohesion, 
electricity, and chemical affinity, and in some way or other from 
their effects deduce their relative equivalents; at present we are not¬ 
able to do so, but there seems no reason to doubt that their elec¬ 
trical, which are at the same time their chemical forces (byi. 918.), 
will be by fur the most energetic. 

1687. I do not consider the powers whpn developed by the 

polarization as limited to two distinct points or spots on the surface 
of each particle to hat considered as the poles of an axis, but as 
resident on large portions of that surface,. as they are upon the 
surface of a conductor of sensible size when it is thrown into a 
polar state. But it is very probable, notwithstanding, that 
the particles of different bodies rnay present specific differences in 
this respect, the powfrs not being equally diffused though equal 
in quantity ; other circumstances also, as form and quality, giving 
to each a peculiar polar relation. It iswperhaps to the existence) of 
some such differences as these that we may attribute the specific 
actions of* the different dielectrics in relation to discharge (1394. 
1508.) Thus with respect to oxygen and nitrogen singular con¬ 
trasts were presented when spark and brush discharge were made 
to take place in these gases, as may be seen by reference to the 
'fable in paragraph 1518 of the Thirteenth Series >vfor \yith nitro¬ 
gen, when the small negative or the large positive ball was rendered 
inductric, the effects corresponded with those which in oxygen were 
produced when the small positive or the large negative ball was 
rendere# inductric. • 

1688. In such solid bodies as glass, He, sulphur, &c., the parti¬ 

cles appear to be able to become polarized in all directions, for a 
mass when experimented upon so as. to ascertain • its inductive 
capacity in three or more directions (I69O.), gives no indication of 
a difference. Now as the particles are fixed in the mass, and as the 
direction of the induction through them must change with its 
change relative to the mass, the constant effect indicates that they 
can be polarized electrically in any direction. This accords with 
the view already taken of each particle as a whole being a con¬ 
ductor (1669.), and,, as an experimental fact, helps to confirm 
that view. * • 

1689. But though particles may thus be polarized in any direc¬ 
tion under the influence'of powers which are probably of extreme 
energy (1686.), it doea’not follow that each particle may not tend 
to polarize to a greater degree, or with more facility, in one direc- 
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tion than .another; or that different kinds- may not have specific 
differences in this refcpect, as they have differences of conducting 
and other powers (12£)6. 1326. 1395). I sought with great anxiety 
for a relation of this nature;, and selecting crystalline bodies as 
those in which all the particles are symmetrically placed, and there" 
fore best fitted to indicate any result which might depend upon • 
variation of the direction of the forces to the direction of the par¬ 
ticles in which they were developed, experimented very carefully 
with them. I was the more strongly stimulated to this inquiry by 
the beautiful electrical condition of the crystalline bodies tourmaline 
and boracite, and hoped also to discover a relation between electric 
polarity and that of crystallization, or even of cohesion itself (13l6\). 
My experiments have not established any connexion of the kind 
sought for. But as I think it of equal importance to show either 
that there is or is not such a relation, l shall briefly describe the 
results. 

i' 

1690. The form of experiment was as follcftirs. A brass-ball 0-73 o 
an inchin diameter, fixed at the-end of a horizontal brass rod, and 
that at the end of a brass cylinder, was by*means of the latter con¬ 
nected with a large Leyden battery (291.) by perfect metallic 
communications, the object being to keep that ball, by its connexion 
with the charged battery in an electrified state. Very nearly uniform, 
for half an hour at a time. This was the indpctric ball. The 
inducteous ball was the carrier of the torsion electrometer (1229* 
1314.); and the dielectric between them was a cube cut from a 
crystal, so that two of its faces should be perpendicular to the 
optical axis, whilst the other four were parallel to it- A small 
projecting piece of shell-lac was fixed on the inductric ball at that 
part opposite to the attachment of the brass rod, for the purpose of 
pt eventing actual contact between the ball and the crystal cube. 
A coat of shell-lac was abo attached to that side of the carrier ball 
which was to be towards the cube, being afto that side which was 
furthest from the repelled ball in the electrometer when placed in 
its position in that instrument. The cube was covered 5 wifR a thin 
coat of shell-lac dissolved in alcohol, to prevent the deposition of 
damp upon its surface from the air. It was supported upon a 
small table of -shell-lac fixed on the top of a stem of the same sub¬ 
stance, the latter being of sufficient strength to sustain the cube, 
and yet flexible enough from its. length to act as a spring, and 
allow the cube to bear, when in its place, against the shell-lac on 
the inductric ball. 

1C9L Thus it was easy to bring the inducteous ball always to 
the same distance from the inductric ball, and to uninsulate and 
insu]ate it again in its place; and then, after measuring the force 
in the electrometer^ 1181.), to return it to its place opposite to the 
inductric bail for a second observation. Or it was easy by revolv¬ 
ing the stand which supported the cube to 1 bring four of its faces 
in succession towards the inductric ball, and so observe the fierce . 
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when the lines of inductive action (1304.) coincided with, or were 
transverse to, the direction of the optical axis of the crystal. G ene- 
rally from twenty to twenty-eight observations were made in suc¬ 
cession upon the four vertical faces of a cube, and then an average 
expression of the inductive force was obtained, and compared with 
similar averages obtained at other times, every precaution being 
taken to secure accurate results. 

1692 . The first cube used was of rock crystal ; it was 0*7 of an 
inch in the side. It presented a remarkable and constant differ-. 
ence, the average o’f not less than 197 observations, giving 100 for 
the specific inductive capacity in the direction coinciding with the 
optical axis of the cube, whilst Q3'59 and 93 31 were the expres- 
sionsjfor the two transverse directions. 

1693 - But with a second cube of rock crystal corresponding 
results were not obtained. It was 0'77 of an inch in the side. 
The average of many experiments gave 100 for the specific induc¬ 
tive capacity coinciding with the direction of the optical axis, and 
98 6 and 9 . 9 ’ 92 *for the two other .directions. 

1694. Lord Ashley, whom I have found ever ready to advance 
the cause of science,., obtained for m£ the loan of three globes of 
rock crystal belonging to tier Grace the Duchess of Sutherland- 
for the purposes of this investigation. Two had such fissures as to 
render them unfit for the experiments (1193. 169&)* . The third, • 
which was very superior, gave roe no indications of any difference 
in the inductive force for different directions. ’ 

1695. I then used cubes of Iceland spar. One 0*5 of an inch 
in diameter gave 100 for the axial direction, and 98 66 and 95*74 
fur the two cross directions. The other, 0*8 of an inch in the side, 
gave 100 for the axial direction, whilst 101*73 and lBl *86 were the* 
numbers for the cross direction. 

1696 - Besides these differences there were others, which I d° 
not thinkjjt n^edful to state, since the main point is not confirmed* 
For though the experiments with the first cube raised great ex¬ 
pectation, they have not been, generalized by those which followed. 

I have no doubt of the results as to that cube, but they cannot as 
yet be referred to crystallization. There are in the cube some 
faintly coloured layers parallel to the optical axis, and the matter 
which colours them may have an influence; but then the layers are 
also nearly parallel to a cross direction, and if at all influential 
should show some effect in that direction also, which they did not. 

1697. In some of the experiments one half or one part of a cube 
showed a superiority to another part, and this I could not trace to 
any' charge the different parts had received. It w,as found that the , 
varnishing of the cubes prevented any communication of charge 
to them, except (in a few experiments) a small degree , of the nega¬ 
tive state, or that which .was contrary to the state of the inductric 
ball (1564. 1566.). 
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1698. I think it fight to say that, as-far as I could perceive, the 
insulating,character of the cubes used was perfect, or at least so 
n64rly perfect, a§ to bear a comparison with shell-lac, glass, &c. 
(Ifi55.). As to the cause of the differences, other than regular 
crystalline structure, there may be several. Thus minute fissures 
hi the crystal insensible to the eye may be so disposed as to produce 
a sensible electrical difference (119?.). Or the crystallization may 
be irregular ; or the substance may not be quite pu*e; and if 
. we consider how minute a quantity of matter will alter greatly 
the conducting power of water, it will seem not unlikely that a 
little extraneous matter diffused through the whole or part of a 
cube, may produce effects sufficient to account for all the irrfgula- 
rities of action that have been observed. 

a 

a 

J 699 ., An important inquiry regarding the electrical polarity of 
theparticles of-an insulating .dielecliic, is, whether it be the mole¬ 
cules of the particular substance acted on, or the component of 
ultimate particles, which thus act the part of insulated conducting 
polarizing portions (l 669 .). 

1700. The'conclusion I have arrived St is, that it is the mole¬ 
cules of the substance which polarize as wholes (1347.); and that 
however complicated the composition cf a b'Xiy may be, all those 
particles or atoms which are held together by chemical affinity to 
form one molecule of the resulting body, act as one conducting 
mass or particle when inductive phenomena and polarization are 
produced in the substance of which it is a part. 

170]. This conclusion is founded on several considerations. 
Thus if we observe the insulating and conducting power of ele¬ 
ments when they are used as dielectrics, we find some, as sulphur, 
phosphorous, chlorine, ‘ iodine, &c, whose particles insulate, ami 
therefore polarize in a high degree ; tvherCas others, as the metals, 
give scarcely any indicationtof posse&uug • sensible proportion of 
this power (1328.), their particles freely conducting one to anothg*. 
Yet when these enter into combination they form substances having 
no direct relation apparently, in this respect, to their element !; for 
water, sulphuric acid, and such compounds formed of insulating 
elements, conduct by comparison freely ; whilst oxide of lead, flint 
glass, borate of lead, and other metallic compounds containing very 
high proportions of conducting matter, iusulate excellently well. 
.Taking oxide of lead therefore its the illustration,. I conceive that 
it is not the particles of oxygen and lead which polarize separately 
under the act of induction, but the molecules of oxide of lead 
which exhibit this effect, all the elements of one particle of the 
resulting body, Wing held together as'parts of one conducting 
Individual by the bonds of chemical afijnity ; which is but another 
'term for electrical force (918.), * 

In bodies which are electrolytes we have still further 
reason for believing in such a state of things. Thus when water, 
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chloride of tin, iodi.le of lead, &c. in the solid state are between 
the electrodes oi the voltaic battery, their particles polarize as those 
of any other insulating dielectric do (1164.); but when the liquid 
state is conferred on these substances, the polarize#particles divide, 
the two halves, each in a’highly charged state, travelling 'onwards 
until they meet other particles in an opposite and equally charged 
state, with which they combine, to the neutralization of their 
chemical, i. e. their electrical forces, and' the reproduction of com¬ 
pound particles, which can again polarize as wholes, and again 
divide to repeat the same series of actions (1347.). 

1703. But though electrolytic particles polarize as wholes, it 
would appear very evident that in them it is iiot a matter of entire . 
indifference horn the particle polarizes ( 1689 .), since, when free to 
move (380, &c.) the polarities are ultimately distributed in refer¬ 
ence to the elements; and sums of force equivalent to the polari¬ 
ties, and very definite in kind, and amount,* separate, as it were, 
from each other, and travel onwards with the elementary particles. 
And though 1 do not pretend to know what an atom is, or how it is 
associated or endowed with electrical force, or how this force is 
arranged in (he cases of combination and decomposition, yet the 
strong belief I have in the electrical polarity of particles when 
under inductive action, and the bearing of such an opinion on the 
general effects of induction, whether ordinary or electrolytic, will 
be my excuse, I trust, for a few hypothetical considerations. 

1704 . In electrolyzation it appears that the polarized particles 
would (because of the gradual change which has been induced 
upon the chemical, i. e. the electrical forces of their elements 
( 918 .) rather divide than discharge to each other without division 
(1348.); for if, their division, i. e. their decomposition and re¬ 
combination, be prevented by giving them the solid rtate, then they 
will insulate electricity perhaps a hundredfold more intense than 
that necessary for, their electrolyzation (419, &c.). Hence the ten¬ 
sion necessary for direct conduction in such bodies appearafte be 
much higher than that for decomposition (419. 1164.1344.). 

1705. The remarkable stoppage of'electrolytic conduction by 
solidification (380. 1358.), is quite consistent with these views of 
the dependence of that process on the polarity which*is common to 
all insulating matter when under induction, though attended by 
such peculiar electrochemical results in the case of electrolytes. 
Thus it may be expected that the first effect of induction is so to 
polarize ana arrange the particles of water that the positive or 
.hydrogen pole of each shall be from the positive electrode and 
towards the negative electrode, whilst the negative or oxygen pole 
of each shall be in the contrary direction; and thus when the 
oxygen and hydrogen of a par(icl$of water have separated, passing 
to and combining with other hydrogen.and oxygen particles, unless 
these new particles of water could turn round they could not take 
tfp that position necessary for their successful electrolytic polar iza^ 

S E * 
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tion. Now solidification, by fixing the water particles and pre¬ 
venting them from assuming that essential preliminary position, 
prevents also their electrolysis (413.); and so the transfer of forces 
an that manner being prevented (1347. 1703.), the substance acts 
is an ordinary insulating dielectric (for it is evident by former ex¬ 
periments (41,9, 1704.) that the insulating tension is higher than 
the electrolytic tension), induction through it rises to a higher 
.degree, and the polar condition of the molecules as wholes, though 
greatly exalted, is still securely maintained. 

1706. When decomposition happens in a fluid electrolyte, I do 
not suppose that all the molecules in the same sectional plane 
(1634.) part with and transfer their electrified particles or elements 

• at once. Probably the discharge force for that plane is summed 
up on one or a few particles, which decomposing, travelling and 
recombining, restore the balance of forces, much as in the case of 
spark disruptive discharge (1406'.); for as those molecules result¬ 
ing from particles which have just transferred power must by their 
position ( 17 O 0 .) be less favourably circumstanced than others, so 
there tnustbe some which are most favourably disposed, and these, 
by giving way first, will for the time lower the tension .and pro¬ 
duce discharge. 

1707. In former investigations of the actioil of electricity (821, 
&c.) it was shown, from many satisfactory cases, that the quantity 
of electric power transferred onwards was in proportion to and 
was definite for a given quantity of matter moving as anion or 
cathion onwards in the electrolytic line of action; and there was 
strong reason to believe that each of the particles of matter then 
dealt with, had associated with it a definite amount of electrical 
force, constituting its force of chemical affinity, the chemical equi¬ 
valents and the,.electro-chemical equivalents being the same, (83(j.). 
It was also found with few, and I may now perhaps say with no 
exceptions (1341.), that only those compounds containing elements 
in single proportions could exhibit the characters and phenomena 
of electrolytes ((){) 7 .) ; oxides, chlorides, and other bodies contain¬ 
ing more than one proportion of the electro negative element re¬ 
fusing to decompose under the influence of the electric current. 

1708. Probable reasons for these conditions and limitations arise 
out of the molecular theory of induction. Thus when a liquid 
dielectric, as chloride of tin, consists of molecules, each composed 
of a single particle of each of the dements, then as these can 
convey equivalent opposite forces by their separation in opposite 
directions, both dec An position and transfer can result. But when 
the molecules, as in the bichloride of tin, consist of one particle or 
atom of one element, and two of the other, then the simplicity 
with which the particles may b%suppoced to be arranged and to 
act, is destroyed. And, though it may be conceived that, when ,tf]g 
molecules of bichloride of tin are polarized as wholes by the in¬ 
duction across them, the positive polar force might accumulate on 
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the one particle of tin whilst the negative polar force accumulated 
on the two.particles of chlorine associated with it, and that these 
might respectively travel right and - left to unite with other two of 
chlorine and one of tin, in analogy with what happens in cases of 
compounds consisting of single proportions, yet this is not* alto¬ 
gether so evident or probable. For when a particle of tin com¬ 
bines with two of chlorine, it is difficult to conceive that there 
should not be some relation of the three in the resulting molecule 
analogous to fixed position, the one particle of metal being per¬ 
haps symmetrically placed in relation to the two of chlorine: and, 
it is not difficult to conceive of such particles that they could not 
assume that [Motion dependent both on their polarity and the re¬ 
lation of their elements, which appears to be the first step in the 
process of electrolyzation (1315. 1705.). 

M 

§.21. Relation of the electric and magnetic forces. 

170.0. I have already ventured a few speculations respecting the 
probable relation of inagnetism, as the transverse force of the cur¬ 
rent, to the divergent or transverse force of the lines of inductive 
action belonging to static electricity (lb’58, &(*.). 

1710. In the further consideration of this subject it appeared to 
me to be of the utmost importance to ascertain, if possible, whether 
this lateral action w hich we call magnetism, or sometimes the in¬ 
duction of electrical currents (26. 1013, Ike.), is extended to a dis¬ 
tance htj the action of the intermediate particles in analogy with the 
induction of static electricity, or the various effects, such as con¬ 
duction, discharge, &c., which are dependent on that induction ; 
or, whether its influence at a distance is altogether independent of 
such intermediate particles (lC()2.). 

171 f- I arranged two magneto-electric helices with iron coles 
end to end, but with an interval of an inch and three quarters 
between them, in which interval was placed the end or po.e of a 
bar magnet- It is evident, that on moving the magnetic pole from 
one core towards the other, a current would tend to form in both 
helices, in the one because of the lowering, and in the other be¬ 
cause of the strengthening of the magnetism induced in the, re¬ 
spective soft iron cores. The helices were connected together, 
and also with a galvanometer, so that these two currents should 
coincide in direction, and tend by their joint .force to deflect the 
needle of the instrument. The whole arrangement was so effec¬ 
tive and delicate, that moving the magnetic pole about the eighth 
of an inch to and fro two or three times, in periods equal to those 
required for the vibrations of the galvanometer needle, was suffi¬ 
cient to cause considerable vibration in the latter ; thus showing 
readily the consequence of strengthening the* influence of the 
magnet on the one core and helix, and diminishing it on the other. 

1712. Then without disturbing the distances of the magnet and 
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cores, plates of substances were interposed. Tims calling the two, 
cores A and 13, a plate of shell-lac was introduced between the 
magnetic pole and A for the time occupied by the needle in swing¬ 
ing one way ; then it was withdrawn for the time Occupied in the 
return swing; introduced again for another equal portion of time ; 
withdrawn for another portion, and so on eight or nine times ; 
but not the least effect was observed on the needle. In other cases 
the plate was alternated, i. e. it was introduced between the mag¬ 
net and A for one period of time, withdrawn and introduced 
between the magnet and B for the second period, withdrawn and 
restored to its first place for the third period, and ^ on, but with 
no effect on the needle. ™ 

1713. In these experiments shell-lac in plates 0*9 of an inch in 
thickness, sulphur in a plate O’f) of an inch in thickness, and copper 
in a plate 0“7 of an irfbli in thickness were used without any effect. 
And I conclude that bodies, contrasted by the extremes of con¬ 
ducting and insulating power, and opposed to each other as 
strongly as metals, air, and sulphur, show no difference with re¬ 
spect to magnetic forces when placed in their lines of. action, at 
least under the circumstances described. 

1714. With a plate of iron, or even*a sm;fil piece of that metal, 
as the head of a nail, a very different effect was produced, for then 
the galvanometer immediately showed its sensibility, and the per¬ 
fection of the general arrangement. 

1713. I arranged matters so that a plate of copper 0*2 of an inch 
in thickness, and ten inches in diameter, should have the part near 
the edge interposed between the magnet and the core, in which 
situation it was first rotated rapidly, and then held quiescent alter¬ 
nately, for periods according with that required for the swinging of 
the needle; but not the least effect upon the galvanometer was pro¬ 
duced • 

1?16. A plate of shell-lac 0-6’ of an inch in thickness was ap¬ 
plied in the same manner, but whether rotating or not it produced 
no effect. 

1717. Occasionally the plane of rotation was directly across the 
magnetic curve: at other # times it was made as oblique as possible; 
the direction of the rotation being also changed in different experi¬ 
ments, but not the least effect was produced. 

1715. I now removed the helices with their soft iron cores, and 
replaced them by two Jlnl helicel- wound upon card board, each con¬ 
taining forty-two feet of silked copper wire, and having no associ¬ 
ated iron. Otherwise the arrangement was as before, and exceed¬ 
ingly sensible; fpr a very slight mojion of the magnet between the 
helices produced ap abundant vibration of the galvanometer needle. 

1719- The introduction of plates of shell-lac, sulphur, or copper 
into the intervals between the magnet and. these helices (1713.), 
produced not the least effect, whether the former were quiescent or 
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in rapid revolution (1715.). So here no evidence of the influence 
of the intermediate particles could be obtained (1710.). 

1720. The magnet was then removed and replaced by a flatjic- 
lix, corresponding to the two former, tlje three being parallel [to 
each other. The middle helix was so arranged that a voltaic cur¬ 
rent could be sent through-it at pleasure. The former galvanome¬ 
ter was removed, and one with a double coil employed, one of the 
lateral helices being connected with one coil, and the other helix 
with the other coil, in such manner that when a voltaic current was 
sent through the middle helix its inductive action ( 26 .) on the lateral 
helices should cause currents in them, having contrary directions in 
the coils of the galvanometer. By, a little adjustment of the distances 
these induced currents were rendered exactly equal, and the galva¬ 
nometer needle remained stationary notwithstanding their frequent 
production in the instrument. I will call the middle coil C, and 
the external coils A and B. 

1721. A plate of copper 0’7 of an inch thick and six inches ' 
square, was placed between coils C and B, their respective dis¬ 
tances regaining unchanged; and then a voltaic current from 
twenty pairs of 4-inch plates was sent through the coil C, and in¬ 
termitted, in periods fitted 'co produce an efleet on the galvanome¬ 
ter (171 ^-)> if any difference had been produced in the effect of C 
on A and B. But notwithstanding the presence of air in one inter¬ 
val and copper in the other, the inductive effect was exactly alike 
ffc the, two coils, and as if air had occupied both intervals. So that 
notwithstanding the facility with which any induced currents might 
form in the thick copper plate, the coil outside of it was just as • 
mucji affected by the central helix C as if no such conductor as the 
copper had been there (65.). 

1722. Then, for the copper plate was substituted one of sulphur 
O-q of an inch thick ,* still the results were exactly the same, i. e. 
there was no action at the galvanometer. 

« 

1725. Thtfs it appears that when a voltaic current in one wire is 
exerting its inductive action to producg a contrary or a similar cur¬ 
rent in a neighbouring wire, according as the primary current is 
commencing or ceasing, it makes^not the least difference whether 
the intervening space is occupied by such insulating bodies as air, 
sulphur and shell-lac, or such conducting bodies as copper, and the 
other non-magnetic metals. 

1724. A correspondent effect was obtained with the like forces 
when resident in a magnet thus. A single flat helix (1718.) was 
connected with a galvanometer, and a magnetic pole placed near to 
it; then by moving the magnet to and from the helix, or the helix 
to and from the magnet, currents were produced indicated by the 
galvanometer. 

1725. The thick copper plate (1721.) was afterwards interposed 
between the magnetic pole and the helix ; nevertheless on moving 
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these to and fro, effects, exactly the same in direction and amount, 
were obtained as if the copper had not been there. So also on in¬ 
troducing a plate of sulphur into the interval, not the least influence 
on the currents produced by motion of the magnet or coils could 
be obtained. • * 

1726 ’. These results, with many others which T have not thought 
it needful to describe, would lead to <lie conclusion that (judging 
by the amount of effect produced at a distance by forces transverse 
to the electric current, i. e. magnetic forces,) the intervening mat¬ 
ter, and therefore the intervening particles, have nothing to do with 
the phenomena ; or in other words, that though the inductive force 
of static electricity is transmitted to a distance by "the action of the 
intermediate particles (1164. l 666 .)j the transverse inductive force 
of currents, which can also act at a distance, is not transmitted by 
the intermediate particles in a similar way. 

1727 - It is however very evident that such a conclusion cannot 
be ednsidered as proved. Thus when the metal copper is between 
the pole and the helix (1715. 1719- 1725.) or between the two 
helices ( 1721 .) we know that its particles are affected, jgnd can by 
proper arrangements make their peculiar state for the time veiy 
evident by the production of either electrical or magrietical effects. 
It seems impossible to consider this effect on the particles of the 
intervening matter as independent of that produced by the induc- 
tric coil or magnet C, on the inducteous coil or core A (1715. 
1721 .); for since the inducteous body is equally .affected by tffc 
inducfric body whether these intervening and affected particles of 
copper are present or not (1723. 1725.), such a supposition would 
imply that the particles so affected had no reaction back on the 
original inductr/c forces. The more reasonable conclusion, as it 
appears to me, is, to consider these affected particles as efficient in 
continuing the action onwards from the inductric to the inducteous 
body, and by this very communication producing the effect of no 
loss of induced power at the latter. 

1728 . But then it may be asked what is the relation of the par¬ 
ticles of insulating bodies, stieh as air, sulphur, or lac, when they 
intervene in the line of magnetic action P The answer to this is at 
present merely conjectural. I iftve long thought there must be a 
particular condition of such bodies corresponding to the state 
which causes currents in metals and other conductors ^2(5. 63. 19 I. 
201. 213.); and considering that the bodies are insulators one 
would expect that state to be one of tension.. I have by rotating 
non-conducting bodies near magnetic poles and poles near .them, 
and also by causing powerful electric currents to be suddenly 
formed and to cease around and about, insulators in various direc¬ 
tions, endeavoured to make some sfich state sensible, but have not 
succeeded. Nevertheless, as any such state must be of exceedingly 
low intensity, because of the feeble intensity of the currents 
which fire used to induce it, it may well he that the state may exist, 
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and may be discoverable by some more expert experimentalist, 
though I have riot been able to make it sensible. 

*1729. It appears to me possible, therefore, and even probable 
that magnetic action may be communicated to a distance by the* 
action of the intervening particles, in a m!fhn(?r having a relation to 
the way in which the inductive forces of static electricity are trans¬ 
ferred to a distance (1677.); the intervening particles assuming 
for the time more or less of a peculiar condition, which (though 
with a very imperfect idea) I have several times expressed by the 
term electro-tonic slate (GO. 242.1114.1661.) I hope it will not be 
understood that I hold the settled opinion that such is the case. 
I would rather in fact have proved the contrary, namely, that mag¬ 
netic forces are quite independent of the matter intervening between 
the inductrie and the inducteous bodies ; but I cannot get over the 
difficulty presented by such substances as copper, silver, lead, gold, 
carbon, and even aqueous solutions (201. 2I3.J, which though they 
are known to assume a peculiar state whilst intervening between 
the bodies acting and acted upon (1727.), no more interfere with 
the final result th%n those which have as yet had no peculiarity of 
condition discovered in them. 

1730. A remark important to the whole of this investigation 
ought to be made here.’ Although I think the galvanometer used 
as I have de'eribed it (1711- 1720.) is quite sufficient to prove that 
the final amount of action on each of the two coils or the two cores 
A^and B (1713. 1719.) is equal, yet there is an effect which may 
be consequent on the difference of action of two interposed bodies 
which it would not show. As time enters as an element into these 
actions* (123.), it is very possible that the induced actions on the 
helices or cores A, B, though they rise to the same degree when 
air and copper, or air and lac are contrasted as intervening sub-' 
stances, do not do so in the same time; and yet,* because of the 
length of time occupied by a vibration of the needle, this difference 
may not be visible, both effects rising to their maximum in periods 
so short as to «make no sensible portion of that required for a vi¬ 
bration of the needle, and so exert no visible influence upon it. 


1731. If the lateral or transverse force of electrical currents, or 
what appears to be the same thing, magnetic power, could be 
proved to be influential at a distance independently of the inter¬ 
vening contiguous particles, then, as it appears to me, a real dis¬ 
tinction, of a high and important kind, would be established 
between the natures of these two forces (1654. 1664.). I .do not 
mean that the powers are independent of each other And might be 
rendered separately active, on the contrary they are probably 
essentially associated (1654.), ^t it by no means follows that they 

* See Annalcs de Cbirale, 18:53, tom. li. pp. 422, 428. 
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are of the same nature. In common statical induction, in conduc¬ 
tion, and in electrolyzation, the forces at the opposite extremities 
of the particles which coincide with the linfes of action, and have 
Commonly been distinguished by the term electric, are polar, and 
in the cases of contiguous particles act only to insensible distances ; 
.whilst those which are transverse to the direction of these lines, 
and are called magnetic, are circumferential, act at a distance, and 
if not through the mediation of the intervening particles, have their 
relations to ordinary matter entirely unlike those of the electrical 
forces with which they are associated. 

1732. To dec ide this question'of the identity or distinction of 
the two kinds of power, and establish their true relation, would be 
exceedingly important. The question seems fully within the reach 
of experiment, and offers a high reward to him who will attempt 
its settlement. 

r 

1733. I have already expressed a hope of finding an effect or 
condition which shall be to statical electricity what magnetic force 
is to current electricity (1058.) If I could have proved to my own 
satisfaction that magnetic forces extended their*influence to a dis¬ 
tance by the conjoined action of the intervening particles in a man¬ 
ner analogous to that of electrical forces, then I should, have thought 
that the lateral tension of the lines of inductive action (1650.), or 
that state so often hinted at as the electro-tonic state (166l.1662.), 
was this related condition of statical electricity. 

1734. It may be said that the State of no lateral action is to static 
or inductive force the equivalent of magnetism to current force; but 
that can only be upon the view that electric and magnetic action 
are) in their nature essentially different (1664.1 If they are the 
same power, the whole difference in the results being the conse¬ 
quence of the difference of direction, then the normal or undi vcloped 
state of electric force will correspond with the state of no lateral 
action of the magnetic state of the force; the electric current will 
correspond with the lateral effects commonly called magnetism: 
but the state of static induction which is between the normal con¬ 
dition and the current will still require a corresponding lateral 
condition In the magnetic series, presenting its own peculiar phe¬ 
nomena ; for it can hardly be supposed that the normal electric, 
and the inductive or polarized electric, condition, can both have the 
same lateral relation. If magnetism be a separate and a higher re¬ 
lation of the powers developed, then perhaps the argument which 
presses for this third condition of that force would not be so strong. 

1735. I cannot conclude these general remarks upon the rela¬ 
tion iff the electric and magnetic forces without expressing my 
surprise at the results obtained with the copper plate (1721. 1725.) 
The, experiments-with the flat helifces represent one of the simplest 
cases of the induction of electrical Currents (1720.) ; the effect, as 
is Well known, consisting in the production of a momentary current 
in a wire at the instant when a current in the contrary direction be- 
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gins to pass through a neighbouring parallel wire, and the produc¬ 
tion of an equally brief current in the reverse direction when the 
determining current is stopped (26.). Such being the case, it seems 
very extraordinary that this induced current which takes place in 
the helix A when there is only air between A and C (1720.) should 
be equally strong when that air is replaced by an enormous mass 
of that excellently conducting metal copper (1721.). It might 
have been supposed that this mass would have allowed of the form¬ 
ation and discharge of almost any quantity of currents in it, which 
the helix C was competent to induce, and so in some degree have 
diminished if not altogether prevented the effect in A : instead of 
which, though we can hardly doubt that an infinity oY currents are 
formed at the moment in the copper plate, still not the smallest 
diminution or alteration of the effect in A appears (65.). Almost 
the .only way of reconciling tin's effect with generally received no¬ 
tions is, as it appears to me, to admit that magnetic action is com¬ 
municated by the action of the intervening particles (1721). 175;).). 

1736. This condition of things, which is very remarkable, ac¬ 
cords perfectly with the effects observed in solid helices where 
wires are coiled over wires to the amount of five or six or more 
layers in succession, no diminution of effect on the outer ones being 
occasioned by those .vitliin; 

$ 22. Note on electrical < xcilation. 

1737- That the different mfldes in which electrical excitement 
takes place will some day or other be reduced under one common 
law can hardly be doubted, though for the present we are bound 
to admit distinctions. It will be a great point gained when these 
distinctions are, not removed, but understood. 

1738. The strict relation of the electrical and chemical powers 
renders the chemical mode of excitement the most instructive of 
all, and the case of two isolated combining particles is probably 
the simplest that we possess. Here however the action is local, 
and we still want such a test of electricity as shall apply to it, to 
cases of current electricity, and also to those of static induction. 
Whenever by virtue of the previously combined condition of sonic 
of the actiflg particles (|J23.) we are enabled, as in the voltaic pile, 
to expand or convert the local action into a current, then chemical 
action can be traced through its variations to the production of all 
the phenomena of tension and the static state, these being in every 
respect the same as if the electric forces producing them had been 
developed by friction. 

1739. It was Berzelius, I believe, who first spoke of the aptness 
of certain particles to assume opposite states when in presence of 
each other (959*)* Hypothetically we may suppose these states 
to increase in intensity by increased approximation, or by heat, &e. 
until at a certain point combination occurs, accompanied by such an 

3 F 
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arrangement of the forces of the two particles between themselves 
as is equivalent to a discharge; producing at the same time a particle 
which is throughout a conductor (1700.) 

1740. This aptness to assume an excited electrical state (which 
is probably polar in those forming non-conducting matter) appears 
to be a primary fact, and to partake of the nature of induction 
(1162.), for the particles do not seem capable of retaining their 
particular state independently of each other (1177.) or of matter in 
the opposite state. What appears to be definite about the particles 
of matter is their assumption of a particular state, as the positive or 
negative, in relation to each other, and not of either one or other in¬ 
differently ; and also the acquirement of force up to a certain 
amount. 

1741. It is easily conceivable that the same force which causes 
local action between two free particles shall produce current force 
if one of the particles is previously in combination, forming part of 
an electrolyte (f)23. 1738.). Thus a particle of zinc, and one of 
oxygen, when in presence of each other, exert their inductive forces 
(1740.), and these at last rise up to the point of combination. If 
the oxygen be previously in union with hydrogen, it is held so com¬ 
bined by an analogous exertion and arrangement of the forces; and 
as the forces of the oxygen and hydrogen are for the time of com¬ 
bination mutually engaged and related, so when the superior relation 
of the forces between the oxygen and zinc come into play, the in¬ 
duction of the former or oxygen towards the metal cannot be 
brought on and increased without a corresponding deficiency in 
its induction towards the hydrogen with which it is in combination 
(for the amount of force in a particle is considered as definite), and 
the latter therefore has its force turned towards the oxygen of the 
next particle of-water ; thus the effect may be considered as exten¬ 
ded to sensible distances, and thrown into the condition of static 
induction, which being discharged and then removed by the action 
of other particles produces currents. 

1742. In the common voltaic battery, the current iff occasioned 
by the tendency of the zinc to take the oxygen of the water fronj 
the hydrogen, the effective action being at the place where the 
oxygen leaves the previously existing electrolyte. But ^chcenbein 
has arranged a battery in which the effective action is at the other 
extremity of this essential part of the arrangement, namely, where 
oxygen goes to the electrolyte.* The first may be considered as a 
case where the current is put into motion by the abstraction of 
oxygen from hydrogen, the latter by that of hydrogen from oxy¬ 
gen. The direction of the electric cuarent is in both # cases the 
same, when referred to the direction in which the elementary par¬ 
ticles of the electrolyte are moving (953.*962.), and both are equally 

* Philosophical Magazine, 1838, xii. 225,315. See also Re la Rive’s results 
with peroxide of manganese. Annales do Chimie, 1836, lxi. p. 40.— Dec. 1838* 
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n accordance with the hypothetical view of the inductive action of 
tile particles just^eseribed (1740.) 

1743. In such a view of voltaic excitement,^lhe action of the 
particles may be divided into two parts, that which occurs whilst 
the force in a particle of oxygen is rising towards a particle of zinc 
acting on it, and falling towards the particle of hydrogen with 
which it is associated (this being the progressive period of the in¬ 
ductive action), and that which occurs when the change of associa¬ 
tion takes place, and the particle of oxygen leaves the hydrogen 
and combines with the zinc. The former appears to be that which 
produces the current, or if there be no current, produces the state 
of tension at the termination of the battery; whilst the latter, by 
terminating (or the time the influence of the particles which have 
been active, allows of others coming into play, and so the effect of 
current is continued* 

1144. It seems highly probable, that excitement by friction may 
very frequently be of th^ same character. Wollaston endeavoured 
to refer such excitement to chemical action ;* but if by chemical 
action'ultimate union of the acting particles is intended, then there 
are plenty of cases which are opposed to such a view. Davy men¬ 
tions some such, and for my own part I feel no difficulty in admit¬ 
ting other means of electrical excitement than chemical action, 
especially if by chemical action is meant a final combination of the 
particles. 

1745. Davy refers experimentally to the opposite states which 
two particles having opposite chemical relations can assume when 
they are brought into the close vicinity of each other, but not al¬ 
lowed to comliinef. This, l think, is the first part of the action 
already described (1743 ) ; but in my opinion it cannot give xise to 
a continuous current unless combination takes place', so as to alltAv 
other particles to act successively in the same manner, and not even 
then unless one set of the particles bi present as an element of an 
electrolyte (j)23. 963.) ; i. e. mere quiescent contact alone without 
cheiqieal action does not in sudi cases produced a current. 

1746. Still it seems very possible that such a relation may pro¬ 
duce a high charge, and thus give rise to excitement by friction. 
When two bodies are rubbed together to produce electricity in the 
usual way, one at least must be an insulator. During the act of 
rubbing, the particles of opposite kinds must be brought more or 
less closely together, the few which are most favourably circum¬ 
stanced being in such close contact as to be short only of that which 
is consequent upon chemical combination. At such moments they 
may acquire by their mutual induction (1740.) and partial djgchargc 
to each other, very exalted opposite states* and when, the moment 
after, they are by the progreos of the rub removed from each other’s 


* Diilosoohical Transactions, ISOl, p. 427. 


f Ibid. 34. 
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vicinity, they will retain this state if Ijoth bodies be insulators, and 
exhibit them upon their complete separation. • 

174?- All th^lfcirciimstances attending friction seems to me to 
favour such a view. The irregularities of form and pressure will 
cause that the particles of the two rubbing surfaces will be at very 
variable distances, only a few at once being in that very close re¬ 
lation which is probably necessary for the development of the forces ; 
further, those which are nearest at one time will be further remov¬ 
ed at another, and others will become the nearest, and so by con¬ 
tinuing the friction many will in succession be excited. Finally, 
the lateral direction of the separation in rubbing seems to me the 
best fitted to bring many pairs of particles, first of all into that close 
vicinity necessary for their assuming the opposite states by relation 
to each other, and then to remove them from each other’s influence 
whilst they retain that state. 

1748. It would be easy, on the same view’, to explain hypotheti¬ 
cally, how, if one of the rubbing bodies be a conductor, as the 
amalgam of an electrical machine, the state of the other when it 
comes from under the friction is (as a mass) exalted ; but it would 
be folly to go far into such speculation before that already ad¬ 
vanced has been confirmed or corrected by fit experimental 
evidence. I do not wish it to be supposed that I think all excite¬ 
ment by friction is of this kind ; on the contrary, certain experi¬ 
ments lead me to believe, that in many cases, and perhaps in all, 
effects of a thermo electric nature conduce to the ultimate effect; 
and there are very probably other causes of electric disturbance 
influential at the same time, which we have not as yet distin¬ 
guished. # 

t-Royal Institution, 

June, 18,88. 


in a piper which was read at the Glasgow meeting of the “ British 
Association for the Promotion of Science” I had occasion to 
trace the* experiments of M. Schoonbein and others, on the 
inactivity of certain metals 011 acids, to others of a similar 
nature performed by Mr. Keir some fifty years ago. Since the 
reading of my paper at Glasgow, I have been requested to insert 
JMr.Keir’s experiments in an early number of the “ Annals,” 
which I now do with great pleasure, as I think that many 
readers will he* much interested by -becoming acquainted with 
those original experiments of Keir, which, within the last few 
years, have - commanded so much attention, as novelties, emanat¬ 
ing from the labours of other experimentors. W. S, 
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LI If.— Experiments and Observations on the Dissolution of Metals 
in Acids, and their Precipitations: with an Acmunl of a New 
Compound Acid Memtrum useful in some mechanical operations of 
pMling metals. By James Keiu, Esq., F.Il.S. (Abridgement 
of the Philosophical Transaction of the Royal Society of London 
for the year 1790.) 

In the following paper, says Mr. Keir, I intend to relate two 
sets of experiments : one, showing the effects of compounding the 
vitriolic and nitrous acids in dissolving metals: and the other, 
describing some curious appearances which occur in the precipita¬ 
tion ofsilver from its solution in nitrous acid by iron, and by some 
otheAstanccs. In a subsequent paper I hope to continue the 
subjelwf metallic; dissolution * and precipitation, first, by adding 
some experiments on the quantities and kinds* of gas produced by 
dissolving different metals in different acids, under various circum¬ 
stances : 2ndly, by submitting certain genial propositions, which 
seem deducible from the facts related ; and lastly, by concluding 
with some reflections relative to the theory of metallic dissolution 
and precipitation. 

r 

. 4 # 

Pakt I. — On the effects of Compounding the Vitriolic and Nitrous 
Acids, under various circumstances, on the dissolution of metals. 

• I 

§ 1 . —On the Mixture of Oil of Vitriol and Nitre. — 1 . The pro¬ 
perties of the several acids, in their separate states, have been in¬ 
vestigated with considerable industry and success: and those of 
one compound, aqua regis, are well known, on account of its fre¬ 
quent use in dissolving gold : yet not only various other combina¬ 
tions of different acids remain to be examined ; •but. also tin: 
changes of properties to which these mixed acids are subject, from 
the difference of circumstances, especially those of concentration, 
temperature, and of that quality which is called, properly or im¬ 
proper y, phfogistication, are subjects still open for inquiry. * 

2. AsT shall have frequent occasion to speak of phlogistication 
and dephlogistication of acids, I wish to premise, that by these 
terms I mean only certain stafes or qualities of those bodies, but 
without any theoretic inference. Thus vitriolic acid may be said 

* The English word solution has two significations in chemistry; one ex¬ 
pressive of the act of dissolving, as whon we sa}', that, “ solution is a chemical 
operationand the other, denoting the substance dissolved in its solvent, os, 
“ a solution of silver in nitrous acid." The French language is equally equi¬ 
vocal, as the word “ dissolution” 0 used in both tho above-mentioned senses. 
In treating on this subject, in which both meanings were very frequently re¬ 
quired, sometimes in the same sentence, I could not but be sensible of confusion 
in tho style, and I have therefore confined the word solution to express tlie 
substance dissolved together with its solvent, and the word dissolution to denote 
the act of dissolving. 
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to be phlogistidated by addition of sulphur or other inflammable 
matter, by which it is converted into sulphurous acid, without 
determining wllether this change be caused by the addition of the 
supposed principle phlogiston, as one set of philosophers bdieve, 
or by the action of the added inflammable substance in droving 
from the acid a portion of its aerial principle, by which the sul- 

! )hur, its other element, is made to predominate, as others have 
ately maintained. It were much to be wished that we had words 
totally unconnected with theory; that chemists, who differ from 
each other in some speculative points, may yet speak the same lan- 
. guage, and may relate their facts and observations, without having 
our attention continually drawn aside from these, to the different 
modes of explanation which have been imagined'. But at ^present 
we have only the choice of terras between words derivedJB||i the 
ancient theory, and those which have been lately proposeHHty the' 
opposers of that theory. In this dilemma I have preferred the use 
of the former, not that 1 wish to show any predeliction to either 
theory, but because that system, having long been generally adopted, 
is understood by all parties: and principally because, by using the 
words of the old theory, I am at liberty to define them, and to give 
significations expressive merely of parts, and of the actual state of 
bodies; whereas the language and theory of.tne antiphlogistic che¬ 
mists being interwoven and adapted to each other, the former can¬ 
not be divested of its theoretical reference, and therefore seems in¬ 
applicable to the mere exposition of facts, but ought to be reserved 
solely for the explanations of the doctrines from which this lan¬ 
guage is derived. Thus," by the definition before mentioned of pho-. 
gistication, this word expresses not the presence or existence of an 
hypothetical principle of inflammability, but a certain well known 
quality of acids and of other bodies, communicated to them by the 
'addition of fa any actually inflammable substances. Thus, nitrous 
acid acquires a phlogisticated quality by addition of a little spirit of 
wine, or by distillation with any inflammable substance. 

. , 3. No two substances are more frequently in the hands of che¬ 
mists and artists than vitriolic acid and nitre, yet I have found, that 
a mere mixture of these when much concentrated, possess properties 
which neither the vitriolic acid nor the nitrous, of the same degree 
of concentration, have, singly, and which could not be easily de¬ 
duced, d jtriori, by reasoning from our present knowledge of the 
theory of chemistry. 

4. Having found by some previous trials that a mixture composed 
of nitre dissolved in oil of vilriol was capable of dissolving silver 
easily and copiously, while it did not affect copper, iron, lead,regulus 
of cobalt, gold, platina, I conceived, £at it might be useful in some 
cases of the parting of silver from copper and the other metals above 
mentioned; and having also observed, that the dissolving powers of 
the mixture of vitriolic and nitrous acids varied greatly in different 
degrees of concentration, and phlogistication, I thought that an in.- 
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4 

vestigation of these effects might be a subject fit . for philosophical 
chemistry, and might tend to illustrate the theory of the dissolution 
of metals in acids. # With these views I made the following experi¬ 
ments:— 

* 

5.1 put into a long necked retort, the contents of which,- including 
the neck, were 1400 grain measures, 100 grain measures of oil of 
vitriol of the usual density at which it is prepared in England, that 
is, whose specific gravity is to that of water as 1*844 to 1, and 100 
grains of pure and clear nitre,‘which was then dissolved in the acid 
by the heat of a water-bath. To this mixture 100 grains of stan¬ 
dard silver were added ;*the retort was set iri a water-bath, in which 
the water was made to boil, and a pneumatic apparatus was applied 
to catch any air or gas which might be extricated.—The silver began 
to dissolve, and the solution became of a purple or violet colour, no 
air was thrown into the inverted jar, excepting a little of the com¬ 
mon air of the retort, by means of the expansion which it suffered 
from the heat of the water-bath, and from some nitrous fumes 
which appeared in the retort, and which having afterwards con¬ 
densed, occasioned the water to rise along the neck of the retort, 
and mix with the solution ; the remaining silver was then separated 
and weighed, and it was found that 39 grains had been dissolved : 
but probably more would have been dissolved if the operation had 
not been interrupted by the water rushing into the retort. 

' 6. In the same apparatus 200 grains of standard silver were 
added to a mixture of 100 grains of nitre, previously dissolved in 
200 grain measures of oil of vitriol; and in this solvent, !)2 grains 
of the silver were dissolved, without any production of air or gas. 
The solution, which was of a violet colour, having been poured out 
of the retort whilst warm (for with so a large a portion of nitre, 
such mixtures, especially after having dissolved silver arc apt ta 
congeal with small degrees of cold ), in order to separate the undis¬ 
solved silver from it, and having been returned into the retort with¬ 
out this silver, I poured 200 grains of water into the retort, on which 
a strong effervescence took place between the solution and the water, 
and 3100 grain measures of nitrous gas were thrown into the in¬ 
verted jar. On pouring 200 grains more of water into the retort, 
dOO grain measures ol the same gas were expelled. Further addi¬ 
tions of water yielded no more gas ; neither did the silver* when 
afterwards added to this solution, give any sensible effervescence, 
or suffer a greater loss of weight than two grains. 

7. In the same apparatus 100 grains of standard silver were ex¬ 
posed to a mixture of SO grains of nitre dissolved in 200 grain mea¬ 
sures of oil of vitriol; and in this operation 80 grains of silver 
were dissolved, while at th# same time, 4500 grain measures of 
nitrous gas were thrown into tjie inverted jar. When the undis¬ 
solved silver was removed, 200 grains of water were added to the 
solution, which was of a violet colour, antt on the mixture of the 
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two fluids an effervescence happened; but only a few bubbles of 
nitrous gas were then expelled. 

8. In the same apparatus 100 grains of standard silver were ex¬ 
posed to a mixture of 200 grain measures of oil of vitriol, 200 grains 
of nitre, and 200 grains of water: and in this operation 20 grains 
of the silver were dissolved without any sensible emission of air or 
gas. 

9- In these experiments, the copper contained in the standard 
silver gave a reddish colour to the saline mass which was formed 
in the solution, and seemed to be a calx of copper interspersed 
through the salt of silver. I perceived no other difference between 
the effects of pure and standard silver dissolved in this acid. 

10. I then exposed tin to the same mixture of oil of vitriol and 
nitre, in the same apparatus, and in the same circumstances, taking 
care always to add \nore metal than could be dissolved, that, by 

* weighing the remainder, the quantity capable of being dissolved 
might be found, as I had done with the experiments on silver; anti 
the results were as follow :— 

11. No tin was dissolved nor calcined by the mixtures in the pro¬ 
portion of 200 grain measures of oil of vitriol to 200 grains of nitre: 
nor by any other mixtipre in the proportion of 200 grain measures 
of oil of vitriol to 150 grains of nitre, and consequently no gas was 
produced in eithet instance. 

12. With a mixture in the proportion of 200 grain measures of 
oil of vitriol and 100 grains of nitre, the tin began soon to be acted 
on, and to be diffused through the liquor: but no extricatiqn of gas 
appeared till the digestion had- been continued two hours in boiling 
water; and then it took place, and gave a frothy appearance to the 
mixture, whl?h was of an opaque white colour, from the ponder of 
tin being diffused among it. In this experiment, the quantity of 
tin thus calcined was 73 giains, and the quantity of nitrous gas ex¬ 
tricated during this action on the tin, was 8500 grain .measures. 
Then, on pouring 200 grains of water into the retort* a fresh effer¬ 
vescence took place between the water and the white opaque white 
mass, and 4600 grain measures of nitrous gas were thrown into the 
inverted receiver. 

13. With a mixture in the proportion of 100 grain measures of 
oil of vitriol to 30 grains of nitre, 30 grains of tin were dissolved 
or calcined, and the nitrous gas, which began to be extricated much 
sooner than in the last mentioned experiment with a larger propor¬ 
tion of nitre, amounted to 6300 grain measures. Water, added to 
this solution of tin, did not produce any effervescence. 

14. With a mixture in the proportion of 200 grain measures of 
oil of vitriol, 200 grams of nitre, and 200 grains ot water, 133 grains 
of tin were acted on •with mi effervescence,' which took place 
violently, and produced 6500 grain measures of nitrous gas. 
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15, The several mixtures above mentioned, in different propor¬ 
tions of nitre and oil of vitriol, did, by the help of the heat of the 
water-bath, calcined mercury into a white or grayish powder. Mic¬ 
kle was also partly calcined and partly dissolved by these mixtures. 
I did not perceive that any other metal was affected by them, ex¬ 
cepting thdt the surfaces of some of them were tarnished. 

16 . These mixtures of oil of vitriol and nitre were apt to congeal 
by cold, those especially which had a large proportion of nitre thus, 
a mixture of 100 grain measuras of oil of vitriol and 480 grains of 
nitre, afler having kept fluid for several days, in a phial not so ac¬ 
curately stopped as to prevent altogether the escape of some white 
fumes, coogealed at the temperature of 55°. of Fakrenheit's ther¬ 
mometer : whereas some of the same liquid, having been mixed 
with equal parts of oil of vitriol, did not congeal with a less cold than 
45°. The congelation is promoted by exposure to air, by which 
white fumes rise, and moisture may be absorbed, or by any other 
Inode of slight dilution with water. 

17 - Dilution of this compound acid, with more or less water, 
alters considerably its properties,with regard to its action on metals. 
Thus it has been observed, that in its concentrated state it does not 
act on iron: but by .adding water, it acquires a power of acting on 
that metal, and with llifferent effect according to the proportion of 
the water added. Thus, by adding to two measures of the com¬ 
pound acid one measure of water, the liquor is rendered capable of 
calcining iron, and forming with it a white powder, but without 
effervescence- With an equal measure of water effervescence is 
produced. With a larger proportion of water the iron gave also a 
brown colour to the liquor, such as phlogistieated nitrous acid ac¬ 
quires from iron, or communicates to a solution of martial vitriol 
in water. „ 

18. Dilution with water renders this compound acid capable of 
dissolving copper and zinc, and probably those other metals which 
are subject to the action of the dilute vitriolic or nitrous acid. 


§ 2. An account of' a new process for separating silver from 
copper. —1 0. The properties of this liquor, in dissolving silver easily, 
without acting on copper, have rendered it capable of a very useful 
application in the arts. Among the manufacturers at Birmingham, 
that of making.vessels of silver plated on copper is a very consider¬ 
able one. 'In cutting out the rolled plated metal into pieces of the 
required formes and sizes, there are many shreds, or scraps as they 
are called, unfit for any purpose but the recovery of the metals, by 
separating them from each other. The easiest and most economical 
method of parting these two njetals, so as not to lose either of them, 
is an object of some consequence to the manufacturers. For this 
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purpose two moiles were practised ; 1 si, by melting the whole of the 
mixed metals witJi lead, and separating them by eliquation and test¬ 
ing ; & 2nd, by dissolving both metals in oil of vitriol, with the help 
of heat, and by separating the vitriol of copper, by dissolving it in 
water, from the vitriol of silver, which is afterwards to be reduced 
and purified. In the first of these methods, there is a considerable 
waste of lead and copper; and in the second, the quantity of 
vitriolic acid employed is very great, as much more is dissipated in 
the form of volatile vitriolic, or sulphureous acid, than remains in 
the composition of the two vitriols. 

Some years ago I communicated to an artist the method of af¬ 
fecting the separation of silver from copper by means of .the above 
mentioned compound of vitriolic acid and nitre; and, as l am in¬ 
formed, that it is now commonly practised by the manufacturers in 
Birmingham, I have no doubt but it is much more economical, and 
it is certainly much *inorc easily executed, than any of the other 
methods ; for nothing more is required than to put the pieces of 
plated metal into an earthcn-ghzed pan, to pour on them some of 
the acid liquor, which may be in the proportion of S or 10 lb. of 
oil of vitriol to l lb. of,nitre: to stir them about, that the surfaces 
may frequently bt* exposed to fresh liquor, and to assist the action 
by a gentle beat irom 100° to 200' of Fahaivnheit’s scale. When 
the liquor is nearly saturated, the silver is to be precipitated from it 
by common salt, which forms a lima cornea, easily reducible by 
melting it in a crucible with a sufficient quantity of potash; and 
lastly, by refining the melted silver, if necessary, with a little nitre 
thrown on it- In this manner the silver will be obtained sufficiently 
pure, and the copper will remain unchanged. Otherwise, the silver 
may be precipitated in its metalic state, by adding to the solution 
of silver a few pieces of copper, and a sufficient quantity of water to 
enable the liqbor to act on the copper. The property which this 
acid mixture possesses of dissolving silvev with great facility, and 
in considerable quantity, will probably render it a useful menstruum 
in the separation of silver from other metals ; and as tjie alchemists 
have distinguished the peculiar solvent of gold under the title of 
aqua regis, a name sufficiently distinctive, though founded on a 
fanciful allusion ; so, if they had been acquainted with the proper¬ 
ties of this compound, they would probably have bestowed upon it 
the appellation of aqua regina*. 

§ 3.— The change of properties communicated to the mixture'of 
vitriolic and nitrous acids hif pMogistigalion —20. The above de¬ 
scribed compound acid may be phlogistigated by different methods, 
of which I shall mention three. First, By digesting the com¬ 
pound acid with sulphur by means of the heat of a water bath, the 
liquor dissolves the sulphur with effervescence, loses its property 
of yielding white fumes ; and if the quantity of sulphur be suffi- 
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cient, and if the heat applied be long enough continued, it exhibits 
red nitrous vapours, and assumes a violet colour. 

Secondly—If, instead of dissolving nitre in concentrated vitriolic 
acfd, this acid be impregnated with nitrous gas, or with nitrous 
vapour by making this gas, or vapour, pass into the acid, this 
compound will be phlogisticated, as it contains but only its pldo- 
gisticated part, not the entire nitrous acid, or element, the nitrous 
gas, without the proportion of pure air is necessary to constitute 
an acid. This impregnation of oil of vitriol with nitrous gas, or 
nitrous vapour, was first described, and some of the properties of 
the impregnated liquor noticed, by Dr. Priestly. (See Exp. and 
Obs. on Air, vol. 3, p. liiO and SI7.) Thirdly, By substituting 
nitrous ammoniac instead of nitre in the mixture with oil of vitriol. 

‘21. The compound prepared by any of these methods, but espe¬ 
cially by the first and second, differs considerably in its properties 
with regard to its action on metals from the acid described in the 
’first section. It has been observed, that the latter compound has 
little action on any metals but silver, tin, mercury, and nickel. 
On the other hand, the phlogisted compound not only acts on 
these, but also on several others It forms with iron a beautiful 
rose-coloured solution, without application of any artificial heat: 
and in time a rose-coloured saline precipitate is deposited, which is 
soluble in water Avith eonsidorrblc effervescence, ft dissolves cop¬ 
per, and acquires from this metal, and also from regains of cobalt, 
zinc, and lead, pretty deep violet tinges. Bismuth and regulus of 
antimony were also attacked by this phlogisticated acid. To ascer¬ 
tain more exactly the effects of this phlogisticated acid on some 
metals, I mails the following experiments, with a liquor prepared 
by making nitrous gas pass through oil of vitriol during a consider¬ 
able time. • * 

22. To 200 grain measures of ihr* oil of vitriol impregnated with 
nitrous gas, put into a retort with a long neck, the capacity of which, 
iiujluding the neck, was 1150 grain-measures, I added 114 grains 
of stapdard tilvcr, and immersed the mouth of the retort in water, 
under an inverted jar filled with water, to catch4he gas which might 
be extricated. The acid began to dissolve the silver without the 
application of heat; the solution became of a violet colour, and the 
quantity of nitrous gas received in the inverted jar was 14,700 
grain measures. On weighing the silver remaining, the quantity 
which had been dissolved was found to be 70 grains. When water 
was added to the solution, an effervescence appeared, but only a 
very small quantity of gas was extricated. By means of water, a 
white saline powder of silver, soluble in ~ larger quantity of water, 
was precipitated from the solution. The solution of silver, when 
saturated and undiluted, congeals readily in cool temperature, and 
when diluted to a certain degree with water, gives foliated crystals. 

23. In the same apparatus, and in the same manner, 100 gran 
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measures of Jthis impregnated oil of vitriol were applied to iron. 
An effervescence appeared withont the application of heat, the sur¬ 
face of the iron acquired a beautiful rose-colour or redness mixed 
with purple; and this colour gradually pervaded the whole liquor, 
but disappeared on keeping the retort some time in hot water. 
Notwithstanding a considerable apparent effervescence, the quantity 
of air expelled into the inverted jar was only 400 grain meastfros, 
of which one-fourth was nitrous, and the rest phlogisticaled. The 
solution was then poured out of the retort, and the iron was found 
to have lost 2 grains in weight. The solution was returned into 
the retort without the iron, and 200 grains of water were added to 
it; on which a white powder was immediately precipitated, which 
re-dissolved with great effervescence. When 2000 grain measures 
of nitrous gas had been expelled into the inverted jar, without appli¬ 
cation of heat, the retort was placed in the water-bath, the heat of 
which rendered the effervescence so strong, that the liquor boiled 
over the neck of the retort, so that the quantity of gas extricated 
could not be ascertained. 

24. In the same manner 11 grains of copper were dissolved in 
100 grain measures cf impregnated oil of vitriol. The solution was 
of a deep violet-colour, and at last was turbid. The quantity of 
nitrous gas expelled into the inverted jwr during the operation was 
4700 grain measures. When the copper was removed, and 200 
grains of water were added to the solution, an effervescence took 
place, 1700 grain measures of nitrous gas were expelled, and the 
solution then acquired a blue-colour. 

25. In the same apparatus and manner, 100 grain measures of 
the impregnated oil of vitriol were applied to tin, which was thpnce 
diminished in weight 1() grains, while the liquor acquired a violet- 
c«lour, became turbid by the suspension of the calx of tin, and a 
quantity of nitrous gas was thrown into the inverted receiver equal 
to 4100 grain measures, without application of heat, and another 
quantity equal to 4JJOO grain measures, after the retort was put injo 
a water-bath. 

V » 

2(). Mercury adtltd to the Impregnated oil of vitriol formed a 
thick white turbid liquor, which was rendered clear by addition of 
unimpregnated oil ot vitriol. In a little time this mixture continu¬ 
ing to act on the remaining mercury acquired a purple-colour. 
The mercury acted on, sunk to the bottom of the glass in the form 
of a white powder, and the purple liquor, when mixed with a solu¬ 
tion of common salt in water, gave no appearance of it containing 
any mercury in a dissolved state. 

27. The nitrous gas with which the oil of vitriol is impregnated 
shows no disposition to quit the acid by exposure to air ; but, on 
adding water to the impregnated acid, the gas is expelled, suddenly 
with great effervescence, and with red fumes, in consequence of its 
mixture with the atmospherical air. In adding 210 grains of water, 
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to 60 grain measures of impregnated oil of vitriol, 2300 grains of 
nitrous gas were thrown into the receiver ; but as the action of the 
two liquors is instantaneous, the quantity of gas expelled from the 
retoit before its neck could be immersed in water, ami placed under 
the receiver, must have been considerable. The whole of the gas, 
however, was not extricated by means of the water, for the re¬ 
maining liquor dissolved 5 grains of copper, while 800 measures of 
nitrous gas were thrown into the retort, (probably the receiver.) 

28. The following frets principally are established by the pre¬ 
ceding experiments. 1. That a mixture of the vitriolic and nitrous 
, acids in a concentrated state, has a peculiar faculty of dissolving 
silver copiously. 2. That it acts on, and principally calcines, tin, 
mercury, and nickel: the latter of which, however, it dissolves in 
small quantity: and that it has little or no action on other metals. 
3. That the quantity of gas produced while the metal is dissolving 
is greater? relatively, to the quantity of metaT dissolved, when the 
proportion of nitre to the vitriolic acid is small, than when large: 
and that when the metals are dissolved by mixtures, containing 
much nitre, and with a small production of gas, the solution itself, 
or the metallic salt formed in it, yields abundance of gas when 
mixed with water, t. That dilution with water renders the con¬ 
centrated mixture lesr captMe of dissolving silver, but more capa¬ 
ble of acting on other metals. 5. '1 hat this mixture of highly 
concentrated vitriolic and nitric acids, acquires a purple or violet 
colour when phlogisticated, either by addition of inflammable sub¬ 
stances, as sulphur, or by its actions .on metals, or by very strong 
impregnation of vitriolic acid with nitrous gas. 5 * b‘. That this 
phlogistication was found to communicate to the mixture the power 
of dissolving, though in small quantities, copper, iron, zinc, and 
the regulus of cobalt. 7. That water expels from a highly phlo¬ 
gisticated mixture of concentrated vitriolic and nitrous acids, or of 
oil of vitriol impregnated with nitrous gas, a great part of its con¬ 
tained gas; and that therefore this gas is not capable of being re¬ 
tained in such quantity by dilute as by concentrated acids. Water 
unites'with the mixture of vitriol and nitre, without any consider¬ 
able effervescence. * 

29- .To these observations I shall subjoin one other fact, namely, 
that when, to the mixture of oil of vitriol and nitre, a saturated 
solution of common salt in water is added, a powerful aqua regis is 
produced, capable of dissolving gold and platina; and this aqua 
regis, though composed of liquors perfectly colourless and free from 
all metallic matter,* acquires at onfcc a bright and deep yellow co¬ 
lour. The addition of dry common salt to the concentrated mix¬ 
tures of vitriolic and nitrous acids produces an effervescence but 
not the yellow colour; for the production of which therefore a 
certain proportion of .water seeYns to be necessary. 

* Hr. Priestloy hftfi noticed Hii« colour commit merited to ml «'f vitriol by "'tb 

gns or vni'nur, anil also th^'-llor osccurc pimlrmvl by .t'Wuifi watM’ L" tht'' 
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Part 2.—On the precipitation of Silver from Nitrous Acid by Iron . 

§ 1. Bergman relates, that on adding iron to a solution of silver 
in nitrous acid, no precipitation ensued; though the affinity of iron 
Iq acids generally is known to be much stronger than that of silver; 
and though, even with regard to the nitrous acid, other experiments 
evince the superior affinity of iron ; for as iron precipitates copper 
from this acid, and a9 copper precipitates silver, we must infer the 
greater affinity of iron than silver. In the course of his experi¬ 
ments, however, some instances of precipitation occurred, which he 
attributed to the peculiar quality of the irons which he employed.* 
I w r as desirous of discovering the circumstances, and of investigat¬ 
ing the cause, of this irregularity and exception to the generally 
received laws of affinity. 

2. I digested a piece of fine silver in pure and pale nitrous acid, 
and while the dissolution was going on, and before the figuration 
was completed, I poured a portion of the solution on a piece of 
clean and newly-scraped iron wire into a wine glass, and observed 
a sudden and copious precipitation of silver. The precipitate was 
at first black, then it assumed the appearance of silver, and was 
live or six times larger in diameter than the piece of iron wire 
which it enveloped. The action of thc-.tcid on the iron continued 
some little time, and then it ceased ; the silver rcdissolvcd, and the 
liquor became clear, and the iron remained bright and undisturbed 

* Bergman Ci ied many different kinds of iron, ami lie thought he found two that were cupo- 
Me of precipitating ether, llut as he did not discover Che circumstances according to winch the 
luenidtatioii sometimes dues, and at other times does uot happen, he may have been mistake 
with regard to the peculiar quality of these two kinds of iron. At least the several kinds which 
1 have Liied always precipitated silvei in certain i ircuuistauces, aud always failed to precipitate 
instei lam other riiryiiistincrs. I do not know any other author who has mentioned this sub* 
ject, excepting Ml. Kirwun, who, in the conclusion of his valuable papers on Jibe attractive 
powers on mineral acids, says" I have always found silver to be easily precipitated fiorn its 
.solution in the nilions arid by iron. The sum of the quiescent affinities being 035, and that of 
t lie divrllciit 740. Yet J\1 1 . Uerirnmn ohsei ved, that a v cry saturated solution of silver was very 
difficultly precipitated, and only by some sorts of iron, even though the solution was'diluted 
end on access ol acid added to it. The reason of this curious phenomenon appears to me to he 
dcdurible from aciieuinst.iueo lirst observed by Scliecle. in dissolving mercury, namely,that tlio 
nitrous and when satui uted with it will take up more of it in its metallic form. The same thing 
happens in dissolving silver in the nitrous acid m a strong heat; for, as I before remarked, the 
1 asl portions of silv W throw n in ulloi d no air, and aoiisequenlly are not depldogi.sticatcd, Now 
this compound of calx of silver, and silver in its metallic form, may well be unprccipitable by 
iron, the sihir iu its metallic foim pi eventing the calx from coming into contact with the iron, 
and extracting phlogiston from it.’’ In this paper I shall not cuter into the explanation ofthe.se 
appearances: but 1 thought it neeexsiry to premise that what so eminent a chemist as Mr, 
Kirwun lias suggested outlie subject, that the render may see at once the present stale of the 
question. I shall on'y remark that the above explanation, not being founded ou any pcouliantv 
in tlio nature of iron, seems to suppose that the silver is also incapable of being precipitated 
Irom such solutions as imn, i aunot act on hy am other metal, llut this is not the case; coppc r 
ami iinc readily piccipilale silver from these solutions. 
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in the solution at the bottom of the wine glass, where it continued 
during several weeks, without suffering any change, or effecting 
any precipitation of the silver. . 

3. When the solution of silver was completely saturated, it was 
no longer affected by iron, according to Bergman’s observation. 

4. Having found that the solution acted on the iron, and was 
thus precipitated, before it had been saturated, and not afterwards, 
I was desirous of knowing, whether the saturation was the circum¬ 
stance which prevented the action and precipitation. For this pur¬ 
pose I added to a portion of the saturated solution some of the 
same nitrous acid, of which a part hail been employed to dissolve 
the silver; and into this mixture, abounding with a superfluous 
acid, I threw a piece of iron, but no precipitation occurred. It 
was thence evident that the saturation of the .acid was not the only 
circumstance which prevented the precipitation. 

5. To another portion of the saturated solution of silver f added 
some-red smoking nitrous acid; and [ found, on trial, that iron 
precipitated the silver from this mixture, and that the same appear¬ 
ances were exhibited as had been observed with the solution before 
its saturation. 

0. The same effects were^roduecd when vitriolic acid was added 
to the saturated solution of silver, and iron afterwards applied. 

7- To some of the same nitrous acid, of which a part had been 
employed to dissolve the silver, I added a piece of iron ; and while 
the iron was dissolving I poured into the liquor some of the satu¬ 
rated solution of silver, on which a precipitation of silver took 
place instantly ; though when the same acid had been previously 
mixed with the solution of silver, and the iron was then added to 
the mixture, no precipitation had ensued. * * 

S. The quantity of vitriolic acid, or of the red fuming nitrous 
acid, necessary to communicate to the saturated! solution of silver 
the property of being acted on by iron, varies according to the 
concewtratiofl, and to the degree of phlogistication. of the acids 
added; so that a less quantity than is sufficient does not produce 
any apparent effect. Yet, when the solution is by the addition of 
these acids brought nearly to a precipitable state, the addition of 
spirit of wine will, in a little time, render it capable of acting on 
iron. 

p. It appears then, that a solution of silver is not precipitated by 
iron in the cold, unless it have a superabundance of phlogisticated 
acid.* 

* It was said, at section four, that the aihhtiun of deplilogislicatcd nitrous acid to a saturat¬ 
ed solution of silver did not render this solution preoipitablc by iron. Yet, as this arid disseise- 
iron, such a quantity maybe added, as to overcome the counteracting quality of the solution <d 
sil'er, $0 that the acid shall be able to acton the iron; and while this metal is dissolving, it 
phlogisticatos the mixture, which then becomes capable of being precipitated, and is in fa<t ie- 
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,J0. Heat affects the action of a solution of silver on iron; for 
if iron be digested with heat, in a perfectly saturated solution of 
silver; such as a solution of crystals of nitre of silver in water, the 
silver will be deposited in its bright metallic state on different parts 
of the iron, and the iron which has been acted on by the solution 
appears in the form of a yellow ochre. 

11. Bergman relates, that he has sometimes observed beautiful 
crystallizations or vegetations of metallic silver formed on pieces 
of iron immersed long in a solution of silver, I have found that no 
trial is able to effect this deposition, unless the solution he in a 
state nearly suflieiently phlogisticated to admit ot a precipitation by 
iron, bnt Mot completely phlogisticated enough to effect that pur¬ 
pose Immediately. 

12. Dilution with a great deal of water seemed to dispose the 
solutions of silver to £>e precipitated by iron more easily. A solu¬ 
tion of silver, which did not act on iron, on being very much dilu¬ 
ted, and having a piece of iron immersed in it, during several hours, 
gave a precipitate of silver in the form of a black powder. 

§ 2. On the alterations which iron or its surface undergoes by tjie 
net ion of a solution of silver in nitrous ac}d, or of a pure concentratid 
nitrous acid. —13. It has been said, that when iron is exposed to 
the action of a phlogisticated solution of silver, it instantly precipi¬ 
tates the silver,'is itself acted on or dissolved by the acid solution 
during a certain time, longer or shorter, according to the degree of 
phlogistication, quantity of superabundant acid, anti other circum¬ 
stances, and that at length the solution of the iron ceases; the 
silver precipitate is redissolved, if there is superfluous aeitl; the 
liquor becomes clear again, but only rendered a little browner by 
Having dissolved some iron ; while the piece of iron remains bright 
and undisturbed at the bottom of the liquor, where it is no longer 
able to affect tile solution of* silver. 

14. I poured a part of the phlogisticated solution of silver which 
had passed through these changes, and which had coated to «ct on 
the piece of iron, into another glass, and dropped another piece of 
iron wire into the liquor ; on which I observed a jprecipitation of 
silver, a solution of part of the iron, a redissolution of the precipi¬ 
tated silver, and a cessation of all these phenomena, with the iron 
remaining bright, and quiet at the bottom of the liquor, as before. 
It appeared then, that the liquor had not lost its power of acting 

dneed to the same cin umstanecs us arc ilost ribed at section 7. Tlic limits of the nuantitics 
which produce rbaui.es cannot be ..curtained, because they depend on the decrees «>l concentra 
tionaiHlpliloifhtioiilinn of thr substances employed . and there foie, whenever a change is said 
to he produced by a cerium substance, it means tbfttlt may be produced by some pi nportiou, but 
does not imply by c\cry propmti.iu, of that substance, Without uttending to these consilient 
tions, persons In inf to repeat the rspiciincuts mentioned in this paper will he liable to be 
deemed. 
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on fresh iron, though it ceased to act on that piece which hud been 
exposed to it. 

To one of the pieces of iron which had been employed in 
the precipitation of a solution of silver, and from whicli the solu¬ 
tion, no longer capable of acting on it, had been poured off, I added 
some phlogistieated solution of silver, which had never been exposed 
to the action of iron, but no precipitation happened. It appeared 
then, that the iron itself, by having been once employed to precipi¬ 
tate a solution of silver, was rendered incapable of any further 
action on any solution of silver. And it is to be observed, that 
this alteration was produced without the least diminution of its 
metallic splendour, or change ol colour. The alteration however, 
was only superficial, as may be supposed; for by scraping oft* its 
altered coat, it was again rendered capable of acting on a solution 
of silver. To avoid circumlocution, I shall call iron thus affected, 
altered iron; and iron which is clean, and lias not been altered, 
fresh i/on. 

lb. fo a phlogistieated solution of silver, in which a piece of 
bright altered iron lay, without action, l added a piece of fresh iron , 
which was instantly, enveloped with a mass of precipitated s ilver, 
and acted on as usual; but^vhat is very remarkable, in about a 
quarter of a minute, or less, the altered iron was suddenly covered 
with another coat of precipitated silver, and was now acted on by 
the acid solution like the fresh piece. In a little time the silver 
precipitate was redi&soived, as usual, and the two pieces of iron 
were reduced to an altered state. When a fresh piece was then 
held in the liquor, so as not to touch the two pieces of altered iron, 
they were also soon acted upon by the acid solution, and suddenly 
covered with silver precipitate as before; and these phenomena nujy 
be repeated with the same solution of silver, till the superfluous acid 
of the solution becomes saturated by tjie iron, and then the disso¬ 
lution of the precipitated silver must cease. 

17 -,l poured some dephlogisticated nitrous acid oil a piece of 
altered iron, without any action ensuing, although this acid readily 
acted on fresh iron ; and when, to the (lephloglsticatcd nitrous acid, 
with a piece of altered iron lying immersed in it, I added a piece 
of fresh iron, this immediately began to dissolve, and soon after¬ 
wards the altered iron was acted on also by the acid. 

18. On a piece of altered iron I poured a solution of copper in 
nitrous acid ; but the copper avus # not precipitated by the iron ; 
neither did this iron precipitate copper from a solution of blue 
vitriol. 

l. ( h Altered iron was acted on by a dilute phlogistieated nitrou'. 
acid; but not by a red concentrated acid, which is known to be 
highly phlogistieated. 

-0. I put some pieces of clean fresh iron wire into a concentrated 

3 H 
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and red fuming nitrous acid. No apparent action ensued, but the 
iron was found to be altered in the same manner as it is by a solu¬ 
tion of silver: that is, it was rendered incapable of being attacked 
either by a phlogisticatcd solution of silver, or by dephlogistfcated 
nitrous acid. 

21. Iron was also altered by being immersed some little time in 
a saturated solution of silver, which did not show any visible action 
on it. 

22. The alteration thus produced on the iron is very superficial. 
The least rubbing exposes some of the fresh iron beneath its sur¬ 
face, and thus subjects it to the action of the acid. It is therefore 
with difficulty that these pieces of altered iron can be dried without 
losingtheir peculiar property. For this reason, I generally transferred 
them out of the solution of silver, or concentrated nitrous acid, into 
any other liquor, the effects of which I wanted to examine. Or 
they may be transferred first into a glass of water, and then into 
the liquor to be examined. Bat it is to be observed, that if they be 
allowed to remain long in the water, they lose their peculiar pro¬ 
perty or alteration. They may be preserved in their altered state 
' by being kept in spirit of sal ammoniac. 

23. To a saturated solution of copper in nitrous acid, which was 
capable of being readily precipitated by fresh iron, I added some 
saturated solution of silver. From this mixture a piece of fresh 
iron neither precipitated silver nor copper : nor did the addition of 
some dephlogislicated nitrous acid effect this precipitation. 

24. A solution of copper, formed by precipitating silver from 
nitrons acid by means of copper, was very reluctantly and slowly 
precipitated by a piece of fresh iron ; and the iron thus acted on 
by the acid was changed into an ochre. 

25. A saturated solution t\f silver having been partly precipitated 

by copper, acquired the property of acting on fresh iron, and of 
being precipitated by it. • • * 

2 6 . Fresh iron immersed sometime in solutions of nitre of lead, 
pr of nitre of mercury in water, did not occasion any precipitation 
of the dissolved metals ; but acquired an altered quality. These 
metals then in this respect resemble silver. 

27. It is well known, that a solution of martial vitriol, added to 
a solution of gold in aqua regis, precipitates the gold in its metallic 
state. I do not recollect, that the precipitation of a solution of 
silver, by the same vitriol, has been observed. However, on pour¬ 
ing a solution of martial vitriol into a solution of silver in the nitrous 
acid, ;; precipitate will be thrown down, which acquires, in a few 
minutes, more and more of a metallic appearance, and is indeed 
perfect silvar. When the two solutions are partly concentrated, a 
bright argentine film swims on the surface of the mixture, or silvers 
the side of the glass in which the experiment is made. When a 
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plilogisticated solution of silver is used, the mixture is blackened, 
as happens generally to a solution of martial vitriol, where phlogis- 
ticated nitrous acid is added to it. 

I added about equal parts of water to a mixture of a phlogistiealed 
solution of silver and a solutien of martial vitriol, in which all the 
silver had been precipitated, and digested the diluted mixture with 
heat, by which means most of the precipitated silver was rcdissolved. 
Bergman has observed a similar redissolution of gold precipitated 
by martial vitriol on boiling the mixture : but he attributes the re¬ 
dissolution to the concentration of the aqua regis by the evaporation. 
As this explanation did not accord with my notions, I diluted the 
mixture with water, and found that the same redissolution occurred 
both with the solution of silver and with that of gold. But with 
neither of the metals did I find that the redissolution took place, 
unless there had been a superabundant acid fn the solutions of sil¬ 
ver and gold employed. 

28, Mercury is also precipitated in its metallic state from its so¬ 
lution in nitrous acid, by a solution of martial vitriol. When the 
liquor is poured off from its precipitate, this may be changed into 
running mercury Uy beiiyr dried near the fire. 

2y. 1 found also that silver may be precipitated in its metallic 
state, from its solution in vitriolic acid, by addition of a solution of 
martial vitriol. A vitriol of mercury may also be decompounded 
by a solution of martial vitriol, and the mercurial precipitate, which 
is a black powder, forms globules, when dried and warmed. 

.*50. Luna cornea is not decompounded b^ martial vitriol; con¬ 
sequently there is no operation of a double affinity. Yet thisluna 
cornea may be decompounded by the elements of martial vitriol, 
while they are in the act of dissolution : that is, the silver may "be 
precipitated in its metallic state, by digesting luna cornea with a 
dilute vitriolic acid, to which some pieces of iron are added. And 
it is to be observed, that this reduction of the silver and precipita¬ 
tion take pface, while the acid is yet unsaturated. Marine acid ami 
iron applied to luna cornea effect the same reduction of the silver 
to a metallic state, even^when there is more acid than is sufficient 
for both metals- 

The explanation of these phenomena will be attempted in” the 
subsequent papers which I propose to present on this subject to the 
society, * 


* Wo are not aware that Mr. Keir ever favoured the scion lilic world with tli*- 
explanatiou hero proposed.— lip it. 
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LIV. —Brief Synopsis of lhe Principles of Mr. James P. Espy'-^ 

Philosophy of Storms.* . • 

When the air near the surface of the earth becomes more heated 
or more highly charged with aqueous vapour, which is only five- 
eighths of the specific gravity of atmospheric air, its equilibrium is 
unstable, and up-moving columns or streams will be formed. 

As these columns rise, their upper parts will come under less 
pressure, and the air will therefore expand ; as it expands, it will 
grow colder about one degree and a quarter for every hundred 
yards of its ascent, as is demonstrated by experiments on the 
Nephclescope. 

'Hie ascending columns will carry up with them the aqueous 
vapour which they contain, and if they rise high enough, the cold 
produced by expansion from diminished pressure, will condense 
some of this vapour into cloud; fo^ it. is known that cloud is formed 
in the receiver of an air-pump when the «*iir is suddenly withdrawn. 

The distance or height to which j/g air vcill have to ascend 
before it will become cohl enough to begin to form cloud, is a 
variable quantity depending on the number of degrees which the 
dew point is below the temperature of the air; and this height 
may be known at any time by observing bow many degrees a thin 
metallic tumbler of water must be cooled down below the tempera¬ 
ture of the air, before the vapour begins to condense on the outside. 
The highest temperature at which it will condense, which is vari¬ 
able according as there is more or less vapour in the air, is called 
the “ dew poi.,t,” and the difference between the dew point and the 
temperature of the air in degrees is called the complement of the 
dew point. 1 

It is manifest that if the air at the surface of the earth should at 
any time be cooled down a little below the dew point, it would-form 
a fog by condensing a small portion of its transparent vapour into 
little fine particles of water, and if it should be cooled below 
the dew point, it would condense about one half its vapour into 
water, and at 40° below, it would condense about three-fourtlis of 
its vapour into water, &o. 

This, however, will not be exactly the case from the cold pro¬ 
duced by expansion in the up-moving columns ; for the vapour itself 
grows thinner, and the dew point falls about one-quarter of a de¬ 
gree for every hundred yards of ascent. 

It follows, then, as the temperature of the air sinks about one 
degree and a quarter for every hundred yards of ascent, and the 


* Copious, facts going to establish the principles contained in ibis Synopsis) 
are given in Mr. F,spy's Lectures. 
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dew point sinks about a quarter of a"degree, that as soon as the co¬ 
lumn rises as many hundred yards as the complement of the dew¬ 
point contains degrees of Fahr., cloud will begin to form. Or in 
other words, the bases-of all clouds forming by the cold of dimin¬ 
ished pressure from up-moving columns of air, will be about as 
many hundred yards high as the dew point is below the tempera¬ 
ture of the air at the time. 

If the temperature of the ascending column should be 10° above 
that of the air through which it passes, and should rise to the height 
of 4800 feet before it begins to form cloud, the whole column would 
then be 100 feet of air lighter than surrounding columns; and if the 
column should be very narrow, its velocity of upward motion would 
follow the laws of spouting fluids, which would be eight times the 
square root of 100 feet a second, that is 80 feet a second, and the 
barometer in the centre of the column at its base, would fall about 
the ninth of an inch. 


As soon as cloud begins to form, the ciloric of elasticity of* the 
vapour or steam is given out into the air in contact with the little 
particles of water formed by the condensation of the vapour- This 
wiU prevent the air-in its iyjther progress upward ; from cooling ,*-o 
fast as it did up to that point, and from experiments on the Vephe- 
lescopc, it is found to cool only about one half ah much above the 
base of the cloud as below—that is, about fivc-eightha of a degree 
(or one hundred yards of ascent, when the dew point is about 7(1°. 
If the dew point is higher it cools a little less, and if the dew point 
is lower, it cools a little more than live-eighths of a degree in ascend¬ 
ing one hundred yards. 

Now it has been ascertained by aeronauts and travellers on 
mountains, that the atmosphere itself is about one degree colder fdr 
every hundred yards in height above the surface of the sea ; there¬ 
fore, as the air in the cloud, above its hose, is only five-eighths of a 
degree colder for every hundred yards in height, it follows, that 
when«die cldud is of great perpendicular height above its base, its 
top must be much warmer than the atmosphere at that height, and 
consequently much lighter. 


Indeed the specific gravity of a cloud of any height compared to 
that of the surrounding air at the same elevation, may be calculated 
when the dew point is given. For its temperature is known by 
experiments with the Neplielcscope, and the quantity of vapour con¬ 
densed by the cold of diminished’pressure at every point in its 
upward motion, and of course the quantity of caloric of elasticity 
given out by this condensation is known, and also the effect this 
caloric has in expanding the air receiving it, beyond the volume it 
would have, if no caloric of elasticity was evolved in the condensa¬ 
tion of the vapour. 

For example, according to the experiments of Prof. Walter It. 
Johnson, of Philadelphia, a pound of steam at the temperature ol 
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ai£ Q contains 1030 of caloric of elasticity, and as'the sum of the 
latent and sensible caloric of steam is the same at all temperatures, 
it follows that a pound of steam being condensed into 1108 pounds 
of water at 32 Q would heat it up 1°. And as the specific caloric 
of air is only 0.267, if a pound of vapour should be condensed into 
1198 pounds of air, it would heat that air nearly 4 Q , or which is 
the same thing, it Would heat 119 pounds of air 4°, or 100 pounds 
48°, and in all these cases it would expand the air about 8000 
times the bulk of water generatedthat is, 8000 cubic feet for 
every cubic foot of water formed out of the condensed vapour. 
And as it requires between 1300 and 1400 cubic feet of vapour, at 
the ordinary temperature of the atmosphere, to mpke one cubic, 
foot of water—if this quantity be subtracted from 8000, it will 
leave upwards of 6600 cubic feet of actual expansion of the air in 
the cloud for every cubic foot of water generated there by con¬ 
densed vapour. 

This great expansion of the air in the forming cloud will cause 
the air to spread outwards in all directions above, causing the 
barometer to rise on the outside of the cloud above the mean, and 
to fall below the mean under the middle of t\ie cloud as much as 
it is known to do in the midst of great'storms. 

For example, if the dew point should he very high, say 78°, 
then the quantity of vapour in the air would be about one-fiftieth 
of its whole weight, and if the up-moving column should rise high 
enough to condense one-half its vapour into cloud, it would heat 
the air containing it 45°, and the air so heated would be 45-480ths 
larger than it would be if it was not so heated. And if we assume 
a case within the bounds of .nature, and suppose the cloud and the 
column under the cloud to occupy three-fourths of the whole 
weight of the atmosphere, or in other words, if we suppose the 
top of the cloud to reach a height where the barometer would 
stand at 7 5 inches, and the mean temperature of the whole column 
40 w warmer than the surrounding air, then would the barpnmter 
fall under the cloud at the surface of the earth 40-480ths of 22.5, 
or a little more than two inches. 

Though the air may be driven up by the ascending column much 
higher than the point assumed in the last article, the cloud will cease 
to form at greater heights, because the dew point at these great 
elevations, falls by a further ascent as rapidly as the temperature— 
and at greater elevations, it will even fall more rapidly. If for 
instance the air should rise from where the barometer stands at six 
inches to where it stands at three inches, the dew point would fall 
about 20°, but the temperature would fall less than 20°, and there¬ 
fore no vapour would be condensed by such ascent. 

When a cloud begins to form from an ascending column of air, 
it will be seen to swell out at the top while its base continues on 
the same level, for the air has to rise to the same height before it 
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becomes cold enough by diminished pressure to begin to condense 
its vapour into water ; this will cause the base to be flat, even after 
the cloud has acquired great perpendicular height; and assumed 
the form of a sugar loaf. Other clouds also for many miles around, 
formed by other ascending columns, will assume similar appear¬ 
ances, and will moreover have their bases all on the same or nearly 
the same horizontal level; and the height of these bases from the 
surface of the earth will be the greatest about three o'clock, when 
the dew point and temperature of the air is the greatest distance 
apart. 

The outspreading of the air in the upper parts of an ascending 
column will form an annulus all round the cloud, under which the 
barometer will stand above the mean; of course the air will de¬ 
scend in the annulus, and increase the velocity of the wind at the 
surface of the earth towards the centre of the ascending column, 
while all round on the outside of the annulus there will be a gentle 
wind outwards. Any general currents of air which may exist at 
the time, will of course modify these motions from the oblique 
forces they would occasion. 

The up-moving carrente/if^air must of course be entirely sup¬ 
plied by the air within the annulus, and that which descends in the 
annulus itself. 

The rapid disturbance of equilibrium, which is produced by one 
ascending column, will tend to form others in its neighbourhood; 
for the air being pressed outwards fiom the annulus, or at least re¬ 
tarded on the windward side, will form other ascending columns, 
and these will form other annuli, and so the process will be con¬ 
tinued. 

• * 

These ascending columns will have a tendency to approach, and 
finally unite; for the air between theip must descend, and in de¬ 
scending the temperature of the whole column will increase, for it 
is known thijt the air, at great qjevation, contains more caloric to 
the pohnd than the air near the surface of the earth, because it is 
the upper regions that receive the caloric of elasticity given out in 
the condensation of vapour into clouds. Therefore, when the air 
has descended some *timc in the middle, between two ascending 
columns, the barometer will fall a little, or at least not stand so 
high above the mean as it does on the outside of the two clouds, 
and so the columns will be pressed towards each other. 

If one of two neighbouring coluinns should be greatly higher 
than the other, its annulus may overlap the smaller one, and of 
course the current under the smaller cloud will be inverted, and 
the cloud which may have been formed over the column thus 
forced to descend, will soon disappear ; for as it is forced down¬ 
wards by the overlapping annulus of the more lofty column, it will 
come under greater pressure, and its temperature will be thus in¬ 
creased, and it is manifest that as soon as its top descends as low as 
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its base, it will have entirely disappeared, and in the mean time the 
larger cloud will have greatly increased. 

As the air above the cloud formed by an ascending column is 
forced upwards, if it contains much aqueous vapour, a thin film of 
cloud will be formed in it by the cold of diminished pressure, en¬ 
tirely distinct from the great dense cumulus below; but as the 
cumulus rises faster than the air above it (for some of the air will 
roll off) the thin film and the top of the cumulus will come in con¬ 
tact ; and sometimes a second film or cap may be formed in the 
same way, and perhaps a third and fourth. When these caps 
form, there will probably be rain, as their formation indicates a 
high degree of saturation in the upper air. 

When the complement of the dew point is very great (20° and 
more,) clouds can scarcely form; for up-moving columns will 
generally cither come to an equilibrium with surrounding air, or be 
dispersed before they rise twenty hundred yards, which they must 
do in this case, before they form clouds. Sometimes, however, 
masses of air will rise high enough to form clouds, but they are 
generally detached from any up-moving column underneath, and 
of course cannot then form cumuli with fl at bares ; such clouds will 
be seen to dissolve as soon as they form, and even while forming 
they will generally appear ragged, thin and irregular. 

Moreover, if the ground should be colder during the day, than 
the air in contact with it, as it sometimes happens after a very cold 
spell of weather, then ascending columns cannot exist, and of course 
no cumuli can be formed on that day, even though the air may be 
saturated with vapour to such a degree‘as. v to condense a portion,of 
it on cold bodies at the surface of the earth. 

Neither can clouds form of any very great size, when there arc 
cross currents of air sufficiently strong to break in two an ascending 
current, for the ascensional power of the up-moving current will 
thus be weakened and destroyed. # This is one means contrived by 
nature to prevent up-moving columns from increasing until rain 
would follow . Without some such contrivance it is probable that 
every up-moving column which should begin to form clcynl when 
the dew point is favourable,.would produce rf(in, for as soon as cloud 
•forms, the up-moving power is rapidly increased^ by the evolution 
of the caloric of elasticity. 

If it should be found by observation that an upper current ot air 
is passing from the mountains of Abyssinia over Egypt to the north, 
while the wind below is blowing from the north towards thc^nonn- 
tains of Abyssinia, this would manifestly he one reason why it 
seldom rains in Egypt duriug the prevalence of this wind, though 
it comes higldychargcd with vapouf from the Mediterranean, lie- 
sides, it is known that during the prevalence of this wind there are 
great rains in Abyssinia, and of course if the upper current does 
flow over Egypt from the south, it would bring in it a large portion 
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of the caloric of elasticity, which it received there, in the great con¬ 
densation of the vapour as it rose up the sides of the mountains at 
the head of the Nile; of course the columns of air rising over 
Egypt, when they entered that current would cease to rise, for the 
temperature of that current would be many degrees hotter than 
themselves, and therefore they could not swim in it. 

Also, on the leeward side of very lofty mountains, there cannot 
be rain : for as the air on the windward side rises up the sides of 
the mountain, it will condense all the vapour which can be con¬ 
densed by the cold of diminished pressure, before it reaches to the 
top, and even if a cloud passes over the top to the other side, it 
would soon disappear, because in passing down the slope it will 
come under greater pressure, and thus be dissolved by the heat pro¬ 
duced. Those arc some of the causes which prevent rains at 
particular times and in particular localities. • 

If, however, the air is very hot below with a high dew point, 
and no cross currents of air above to a great height, then, when an 
up-moving current is once formed, it will go on and increase in 
violence, as it acquires perpendicular elevation, especially after the 
cloud begins to form. At first the base of the cloud will be flat ; 
but after the cloud becomes of great perpendicular diameter, and 
the barometer begins to fall considerably, as it will do from the 
specific levity of the air in the cloud, then the air will-not have to 
rise so far as it did at the moment when the cloud began to form, 
before it reaches high enough to form cloud from the cold of 
diminished pressure. 

The cloud will now be convex below, and its upper parts will 
be seen spreading outward in all directions, especially on that side 
towards which the upper current is moving, assuming somethin}? 
of the shape of a mushroom. In the mean time the action of the 
imnoving current below- and upmoving current in the middle will 
become very violent, and if the barometer falls two inches under 
the centre of the cloud, the air will cool about 10°, and the base of 
the clodd will reach the earth if the dew point was only 8 U below 
the temperature of the air at the time the cloud began to form. 
The shape of the lower part of the cloud will now be that of an 
inverted cone with its apex on the ground, and it will be what is 
called a tornado if it is on land, anil a water-spout if at sea. 

On visiting the path of a tornado, the trees on the extreme 
borders will all be found prostrated with their tops inwards, either 
inwards and backwards, or inwards and forwards, or exactly trans¬ 
verse tojtlie path. The trees in the centre of the path will be 
thrown either backwards or forwards parallel to the path; and 
invariably if one tree lies across.another, the one which is thrown 
backwards is underneath. Those materials on the sides which are 
moved from their places and rolled along the ground, leaving a 
■trace of their motion, will move in a curve convex behind; those 

I 
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which were on the right hand of the path, will make a curve from 
left hand to right, and those on the left hand of the path will make 
a curve from right hand to left, and many of these materials will 
be found on the opposite side of the path from that on which they 
stood on the approach of the tornado. Also, those bodies which 
are carried up will appear to whirl, unless they arise from the 
very centre—those that arc taken up on the right of the centre will 
whirl in a spiral from left to right, and those on the left of the 
centre, will whirl in a spiral upwards from right to left. On 
examining the trees which stand near the borders of the path, it 
will be found that many of the limbs are twisted round the trees 
and broken in such a manner as to remain twisted, those on the 
right hand side of the path from left to right, and those on the left 
hand side of the path from right to left. However, it will be found 
that only those limbs which grew on the side of the tree most dis¬ 
tant from the path of the tornado are broken; for these alone were 
subject to a transverse strain. 

The houses which stood near the middle of the path will be very 
liable to have thereof blown up, and many of the walls will be 
prostrated all outwards, by the explosive influence of the air within, 
and those houses covered with zinc or tiv., from being air tight will 
be liable to suffer most. The floors from the cellars will also fre¬ 
quently be thrown up, and the corks of empty bottles exploded. 

All round the tornado at a short distance, probably not more than 
three or four hundred yards, there will be a dead calm, on account 
of the annulus formed by the rapid efflux of air above, from, the 
centre of the up-moving and expanding column. In this annulus 
the air will be depressed, and all round on the outside of it, at the 
surface of the earth, there will be a gentle wind outwards ; and of 
dourse all the air which feeds the tornado, is supplied from within 
the annulus. Nor is this difficult to understand, .when the depres¬ 
sion of the air in the annulus is considered, for any amount may be 
thus supplied by a great depression. 

Light bodies, such as shingles,' branches of trees, and d.’ops of 
rain or water formed in the cloud, which are carried up to a great 
height before they are permitted to fall to the earth; for though 
they may frequently be thrown outwards above, and then descend 
a considerable distance at the side, they will meet with an inblow¬ 
ing current below, which will force them back to the centre of the 
up-moving current, and so they will be carried aloft again. 

The drops of rain, however, will frequently be carried high 
enough to freeze them, especially if they are thrown out above so 
far as to fall into clear air, for this air will in some cases be thirty 
or forty degrees colder than the air in .the cloud. In this case if the 
up-moving column is perpendicular the hail will be thrown out on 
both sides, and on examination it will be found that two veins of 
hail fell simultaneously, at no great distance apart. 
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It is indeed probable that in all violent thunder storms in which 
hail falls, the upmoving current is so violent as to carry drops of 
rain to a great height, when they freeze anti become hail. It is 
difficult if not impossible to conceive any other way in which hail 
can be formed in the summer, or in the torrid zone. 

In those countries in which an upper current of air prevails in a 
particular direction, the tornadoes and water-spouts wdl generally 
move in the same direction ; because the upmoving column of air 
in this meteor rises tar into this upper current, and of course its 
upper part will be passed in this direction, as the great tornado 
cloud moves on in the direction of the upper current, the air at the 
surface of the earth will be pressed up into it by the superior 
weight of the surrounding air. It is for this reason the tornado in 
Pennsylvania generally moves towards the eastward. 

If a tornado should stop its motion for a few seconds, as it might 
do, on meeting with a mountain, it would be likely to pour down 
an immense flood of water or ice, in a very small space; for the 
drops which would be carried up by the ascending current would 
soon accumulate to such a degree, as to force their way back, and 
this they could not do, without collecting into one united stream of 
immense length and- wcight, tl and of course on reaching the side of 
the mountain, tills stream, whether it consisted of water or hail, 
would cut dow’n into the side of the mountain a deep hole, and 
make a gully all the way to the bottom of the mountain from the 
place where it first struck. 

As the air spreads out more rapidly above than it runs in below, 
there will be a tendency in storms to increase in diameter, and 
also to become oblong from the influence of the upper current in 
carrying the top of the cloud in its own direction. ^ 0 

At the equator, or at least those parts of it where the trade winds 
arc constant from east to west, it is probable tornadoes travel from 
east to west. For as the air in the torrid zone is about 80 c ' in 
temperature at a mean, and tlie air in the frigid zone is about zero, 
the air'in the torrid zone is constantly expanded by heat about 
80-448th of its whole bulk in the frigid zone. This will cause the 
air at the equator to stand more than seven miles higher from the 
surface of the earth to the top of the atmosphere than at the north 
pole. The air therefore will roll off from the torrid zone both 
ways towards the poles, causing the barometer to fall in low lati¬ 
tudes and rise above the mean in high latitudes. This will cause 
the air to run in below towards the equator, and of course rise there. 
Now from the principle of the conservation of areas, it will fall 
more and more to the west as it rises, and of course the upper cur¬ 
rent of the air, at the equator, probably moves towards the west. 

However, as the air rolls off above, towards the north, it will he 
constantly passing over portions of the earth’s surface, which have 
a less diurnal velocity than the part from which it set out. and as 
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from the nature of inertia it still inclines to retain the cliurnal velo- ’ 
city towards the east which it originally possessed, when it reaches 
the latitude of about 20'*’ or 2-3°, it will then probably be moving 
nearly towards the north—and beyond that latitude its motion will 
be to the northeasterly. 

If violent storm clouds, which necessarily rise to a great height 
into the upper current, are driven forward in the direction of the 
upper current, it is probable that the barometer will rise higher in 
that part of the annulus which is in front of the storm, than in the 
rear, and if so, a sudden rise of the barometer in particular localities, 
may become, when propeily understood, one of tire first symptoms 
of an approaching storm. 

In consequence of the high barometer in front of the storm in a 
semi-annulus, the air will be forced downwards there, and cause 
in some cases a more violent action of the air or wind backwards, 
meeting the approaching storm, than will be experienced, in the 
rear of the storm. 

As the air conies downwards in the semi-annulus in front of the 
storm, it will come under greater pressure, and therefore any clouds 
which it may contain, will probably be dissolved, by the heat of 
great pressure, and therefore on the passage of the annulus, it will 
probably be fair weather. 

Also, as the air above always contains more caloric to the pound, 
than the air below, there will be an increase of temperature on the 
passage of the annulus, partly from the increased pressure, but 
chiefly by the descent of the air; in very hot climates this increase 
of temperature, in front of the storm, will be very sensibly felt. 

The increased pressure in the annulus round a volcano, when it 
suddenly burits out, will sometimes under favourable circumstances, 
be very great, and of course the air will be depressed from a great 
height, so that some portion? of the very air which has gone up 
in the central parts of the ascending column, and formed cloud 
by the cold of diminished pressure, will be forced down to the 
surface of the earth, bringing with it the caloric of elasticity which 
it received from the condensing vapour ; if so, the heat experi¬ 
enced at the time of this descent, will be very great. 

These hot blasts of air will alternate with cold blasts, for the air 
which is forced down from great heights in the annulus will not 
only be very hot, but very dry, having condensed its vapour, in 
its previous ascent. Now vvlujn this hot dry air flows inwards 
again towards the volcano and ascends, it will not form cloud, 
because of its want of vapour ; and therefore the process of cloud 
forming will cease, and consequently rain and hail will cease too, 
until more air from a greater distance ‘that has not been deprived 
of its vapour flows in and ascends. Then cloud will again begin 
to form and the violence and rapidity of the outflowing of the air 
above will be increased by the evolution of the caloric of elasticity. 
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the barometer will rise rapidly in the annulus and fail in the cen¬ 
tral part of the ascending column, and these alternations may con¬ 
tinue while the volcano is in activity, more particularly if the 
violence of the volcano itself should be increased periodically. 

As air cannot move upwards without coming under diminished 
pressure, and as it must thus expand and grow colder and conse¬ 
quently form cloud—any cause which produces an upmoving 
column of air, whether that cause be natural or artificial, will pro¬ 
duce rain, when the complement of the dew point is small, and the 
air calm below and above, and the upper pait of the atmosphere of 
its ordinary temperature. 

Volcanoes therefore under favorable circumstances will produce 
rain ; sea breezes which blow inwards every day towards the 
centre of islands, especially if these islands have in them high 
mountains, which will prevent any upper .current of air 'from 
bending the upmoving current of air out of the perpendicular 
before it rises high enough to form cloud, such as Jamaica—will 
produce rain every dry; great cities where very much fuel is 
burnt, in countries where the complement of the dew point is 
small, such as Manchester and Liverpool, will frequently produce 
rain ; even battles, and accidental fires, if they occur under favor¬ 
able circumstances, may sometimes be followed by rain. Let all 
these favorable circumstances be watched for in time of drought, 
(and they can only occur then,) and let the experiment be tried. 
If it should be successful, the result would be highly beneficial to 
mankind. 

Independent of its utility to the farmer, it would be highly use¬ 
ful to the mariner in the following way. 

As the very time and place of the commencement of the rujn 
would be known, it would be easy to find out in what direction 
from the place of beginning it moved along the surface of the earth, 
and also its velocity of motion, and the shape that it assumed, 
from time to time in its progress. Now this knowledge is the 
principal thing wanting to enable the mariner* who has the power 
of locomotion, to direct his vessel so, when one of these great storms 
comes near him, as to use as much wind in the borders of the 
storm as will suit the purposes of navigation—for heaven un¬ 
doubted makes the wind blow for his use and not for his destruc¬ 
tion, provided he becomes acquainted with the laws to which it is 
subject. From the preceding principles he will be able to know in 
what direction a great storm is raging when it is yet several hun¬ 
dred miles from him .—From Sillimans Journal. 
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LV.— On the Electricity of a Jd of Steam issuing from a Boiler. 

By II. G. Armstrong, Esq., in Letters to Professor Faraday.* 

Sir, 

A few days ago, I was informed that a very extraordinary elec¬ 
trical phicnomenon, connected with the efflux of steam from the 
safety-valve of a steam-engine boiler, had been observed at Seghill, 
about six miles from Newcastle. I therefore took an early oppor¬ 
tunity of going over to that place, to investigate the truth of what 
I had heard, and by so doing I have ascertained the precise facts 
of the case, which appear to me to possess so much novelty and 
importance, that I deem it right to transmit the particulars to you 
believing that in your hands they will prove most conducive to the 
advancement of science. Without further preface, I shall proceed 
to narrate what I saw and heard on the spot. 

There is nothing remarkable in the construction of the boiler, 
which is supported upon brick-masonry in the usual way. The 
safety-valve is placed on the top of a small cylinder, having a flange 
round the lower end, which is fastened by bolts to the summit of 
the boiler, between which and the flange, a cement, composed of 
chalk, oil, and tow, is interposed for the purpose of making the 
joining steam-tight. 

About three weeks ago the steam began to escape at this joining, 
through a fissure in the cement, and has ever since continued to 
issue from the aperture in a copious horizontal jet. Soon after this 
took place, the engine-man, having one of his hands accidentally 
immersed in the issuing steam, presented the other to the lever of 
the valve, with a view of adjusting the weight, when he was 
greatly surprised by the appearance of a brilliant spark, which 
passed between the lever ant} his hand, and was accompanied by a 
violent wrench in his arms, wholly unlike what he had ever expe¬ 
rienced before. The same effect was repeated when he attempted 
to touch any part of the boiler, of any iron-work connected with 
it, provided his other hand was exposed to the steam. lie next 
found that while he held one hand in the jet of steam, he commu¬ 
nicated a shock to every person whom he touched with the other, 
whether such person were in contact with the boiler, or merely 
standing on the brickwork which supports it ; but that a person 
touching the boiler, received a much stronger shock than one who 
merely stood on the bricks. • 

These singular effects were witnessed and experienced by a great 
many persons, and among others by two gentlemen with whom I am 
personally acquainted, and who fully corroborate the above account, 
which I obtained from the engine-nnfti. 

The boiler had been cleaned out the day before I saw it, and a 
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thin incrustation of calcareous matter reaching as high as the water 
level had been removed, and the consequence was, that the indi¬ 
cations of electricity, though still existing, were very much 
diminished. Still, however, what remained was very extraordinary ; 
for when I placed one hand in the jet of steam and advanced the 
other within a small distance of the boiler, a distinct spark appeared, 
and was attended with a slight electrical shock. 

From the effect produced by the cleaning of the boiler, it ap¬ 
pears pretty obvious that the phenomenon is in a great measure, 
though not wholly, dependent upon the existence of an incrustation 
within; and the reason why such effects do not in any degree 
attend the effluxion of a jet of steam from a boiler in ordinary cases, 
must, l apprehend, be sought for in the fact, that in the present 
instance the steam escapes through an aperture in a non-conducting 
material, while in a vast majority of cases the escape must take 
place through a metallic orifice. Can the explosion of boilers, res¬ 
pecting the cause of which so much uncertainty at present exists, 
have any connexion w'ith the rapid production of electricity which 
thus appears to accompany the generation of steam ? 

In the present case the incrustation of the boiler is very rapidly 
formed, and I therefore expect that in a few days the effects will 
have become as strong as they were at first. Whenever this takes 
place I shall again go over to witness them, and if you wish for any 
further information, I shall be glad to obtain it for you. In the 
mean time you are at liberty to make any use of this letter that 
you think fit. 

I am, Sir, very respectfully yours, 

H. G. Armstrong. 

Newcastle upon-Tyne, Oct. 14,1840. 


t 
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Nowcastle-upon-Tj no, Oct. 22, 1810. 

% 


Dear Sir,— I yesterday revisited the boiler at Seghill, in company 
with some friends, and took with me such apparatus as I deemed 
necessary for experimenting on the electrical steam. The results of 
this second visit 1 now hasten to communicate, and you will find in 
the following account of my proceedings, answers to all the queries 
you were kind enough to send me, for the purpose of directing my 
attention to the proper points of inquiry. 

I found the boiler, and every thrtig connected with it, precisely 
in the state in which I have already descrioed it, and on trying the 
steam in the same way as l did on the former occasion, the effect 
was very nearly the same ;-but when I placed myself on an insu¬ 
lating stool, the intensity of the sparks which passed between my 
hand and the boiler was greatly increased, as well as the twitching 
sensation in the knuckles and wrist, which accompanied the opera- 
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tion, and "which in my former letter I designated a slight electrical 
shock. In pursuance of your instructions, I had provided myself, 
with a brass plate, having a copper wire attached to.it, which termi¬ 
nated in a round brass knob. When this plate was held in the 
steam by means of an insulated handle, anil the brass knob brought 
within about a quarter of an inch from the boiler, the number of 
sparks which passed in a minute was from sixty to seventy, as nearly 
as we could count; and when the knob was advanced about 
one-sixteenth of an inch nearer to the boiler, the stream of elec¬ 
tricity became quite continuous. The greatest distance between 
the knob and the boiler, at which a spark would pass from one to 
the other, was fully an inch. A Florence flask, coated with brass 
filings on both surfaces, was charged to such a degree with the 
sparks from the knob, as to cause a spontaneous discharge through 
the glass; and several robust men received a severe shock from a 
small Leyden jar charged by the same process. The strength of 
the sparks was cpiite as great when the knob w T as presented to any 
conductor communicating with the ground, as when it was held to 
the boiler. It appeared to make very little difference in what part 
of the jet the plate attached to the conducting wire was held; but 
when a thick iron wire was substituted for the plate, the effect was 
greatest when the wire was held very npar ico thtf orifice. The valve 
was loaded at the rate of 35lbs per square inch ; but the pressure 
of the steam fluctuated considerably, which gave me an opportu-™^ 
nity of observing that the quantity of electricity derived from the 
jet increased and diminished with the pressure. The electricity of 
the steam was positive, for when the pith balls of the electrometer 
diverged upon an instrument connected with the steam, they were 
attracted by a. piece of sealing wax rubbed on w r oollcn cloth; and 
when a pointed wire was held by the person on the stool, under the 
shade of a hat, ,a pencil, and not a star, of electrical light became 
visible. 

Besides the principal jot of steam which I operated upon, there 
were several small streams issuing from different parts of the 
boiler, and in each of these the electrometer indicated life presence 
of electricity. From the peculiar manner in which the steam blew 
off from the safety-valve when the weight on the lever was lifted, 
it was quite impossible to try any satisfactory experiment upon the 
steam which was allowed to escape by that means. I applied the 
gold leaf electrometer to various parts of the boiler, which, I 
ought to observe, is in direct communication with the ground by 
means of the steam pipes, but could scarcely detect ‘a trace of elec¬ 
tricity in any part of it. 

The engine has another boiler besides the one in question, and 
the two boilers lie immediately adjacent to each other. Having 
been informed that similar phenomena had been discovered in this 
second boiler, I proceeded to apply the electrometer to some small 
pencils of steam which were escaping in different parts, and found 
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the same indications which I had observed under similar circum¬ 
stances in the first boiler. I then raised the safety-valve, and the 
column of steam which escaped from it proved as highly charged 
with electricity as the horizontal jet which issued from the other 
boiler, and in which the phenomenon had first been observed. 

Upon inquiry, I found that the water used in the boilers was 
obtained from a neighbouring colliery, where it was pumped out of 
the mine, and that the same water was used for the boiler of a small 
high-pressure engine adjoining the colliery from which the water 
was procured. In order, therefore, to form an opinion whether or 
not the phenomena in question was dependent upon the quality of 
the water from which the steam was generated, I proceeded to 
examine the steam evolved from the boiler to which I had been 
referred, and which proved to be a very small one. The valve was 
loaded with only twenty pounds on the square inch, and I learned 
from the engine-man that no appearance of electricity had ever been 
noticed in the steam. Upon trial, however, I succeeded in obtaining 
very distinct sparks of electricity from the column of steam which 
issued from the safety-valve. The sparks were certainly weaker 
than those obtained at the other engine, but this may reasonably be 
ascribed to the inferior pressure of the steam, and smaller size of 
the boiler. 

I then repaired to another high-pressure engine, which belonged 
to the same establishment, and the boiler of which was supplied 
with rain water instead of that drawn from the mine. In this case 
the pressure of the steam was forty pounds on the square inch. 
The valve was inaccessible, but a powerful jet of steam was ob¬ 
tained from the upper guage-cock; I could not, however, obtain 
any trace of electricity in the steam from this boiler, not even suffi¬ 
cient sensibly to affect the gold-leaf electromotor. The presumption, 
then, is exceedingly strong, that the phenomenon is in some way 
occasioned by the peculiar nature of the water from which the 
steam is produced. I enclose you a specimen of the incrustation*, 
of a month's growth, deposited by the water from the mine in the 
boilers in which it is used. 

I shall be glad to receive any further instructions from you as to 
the proper mode of pursuing the investigation, and should be 
much gratified to hear your opinion as to the cause of this most 
curious phenomenon +. 

I am, dear sir, 

Very respectfully yours, 

, H. G. Armstrong. 

M Faraday, Esq. 

* The incrustation is grey and Jiard; it contains traces of a soluble muriate 
and sulphate, but consists almost entirely of sulphate of lime, with a little oxide 
of iron and insoluble clayey matter, carried in probably by the water. There 
is hardly a trace of carbonate of lime in it.—M. F. 

f The evolution of electricity by vaporization, described by Mr. A) mstrong 

3 K 
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LVI .'—Experiments on the Electricity of High-Pressure Steam. H 
H. L. Pattinson, Esq., F.G.S. 

To the Editors of the Philosophical Magazine and Journal 
Gentlemen, 

A very singular phenomenon, viz., the production of electricity 
by two steam-boilers, has been observed in this neighbourhood 
within the last few weeks, the particulars of which I have the 
pleasure of transmitting to you for publication in your valuable 
Journal. The boilers in question are situated at Cramlington Col- 
liery, eight miles north-east of Newcastle, where they supply 
steam to a high-pressure engine of 28-horse power, employed oil 
the waggon-way to haul full and empty waggons to the top of two 
inclined planes, leading to the colliery on the one hand, and to the 
river Tyne on the other. The boilers are cylindrical, with circular 
ends, each twenty-one feet long, and five feet diameter. They 
are supplied with water from an adjacent pond by iron feed-pipes, 
four inches diameter, and the steam they produce is.conveyed to 
the working cylinder by other iron pipes, six inches diameter, 
which pipes form also a direct metallic communication between the 
tops of the boilers. By means of appropriate valves the steam is 
supplied to tlie cylinder from one or other boiler at pleasure. A 
pipe, two inches diameter, leads from the bottom of one boiler on 
the outside of the brick-work to the ash-pit, through which the 
sediment deposited by the water is occasionally blown from one of 
Spott’s patent collecting cones, and a similar pipe is attached to the 
other boiler. The boilers are set in brick-work in the usual way, 
the fires below, with flues reaching all round, and passing into the 
chimney also in the usual manner. The flues are covered with 
large flat bricks, and in the space between the boilers tlfe two flues 
are necessarily separated by a brick wall. The safety-valves are 
attached to the boilers by flange joints; and between the flanges, 
to render them steam-tight, is placed a ring of plaited hemp covered 
with a cement of litharge, sand and linseed oil, mixed up together, 
4nd when applied of the consistence of glaziers’ putty. This 
cement, as it soon becomes hard, is used about the engine for steam 
joints which occasionally fail; but all the joints of the pipes are 
made of iron borings and sal-ammoniac, as ordinarily employed by 

is most likely the samo as that already known to philosophers on a much smaller 
«caie, and about which there are as yet doubts whether it is to he referred to a 
mere evaporation, as Harris says, or to yhefnical action, according to others. 
This point it neither settles nor illrstrates; but it gives us the evolution of elec¬ 
tricity during the conversion of water into vapour, upon an enormous scale, ami 
therefore brings us much nearer to the electric phenomena of volcanos, water¬ 
spouts and thunder-storms, than before.—JI. F. 
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cngine-wrights. The steam is worked at a pressure of thirty-five 
pounds per inch. 

The joint between the top of one of the boilers and the seat of 
its safety-valve had given way, and steam was issuing forcibly 
through this aperture, when on Tuesday, September 29th last, the 
engine-man, William Patterson, while standing with this current of 
steam blowing jipon his legs, took hold of the weight attached to 
the lever of the safety-valve, to try the strength of the steam, when 
he felt a peculiar pricking sensation in the ends of his fingers, but 
as the steam prevented him from seeing distinctly, he thought he 
had merely struek his fingers rather suddenly against the weight. 
On Friday, October 2 nd, on taking hold of the lever, he again felt 
a sensation in his fingers of the same kind as before; and on Sa¬ 
turday, the 3rd, 011 touching the weight, this sensation was 
stronger, and more distinct; so much so, as to arrest his attention 
and lead him to mention it to some other workmen employed about 
the engine, who all handled the weight, and convinced themselves 
there was something about it very unusual. During the time they 
were thus employed, Patterson applied his finger gently to the 
lever, and perceived a spark. This was repeated by the whole 
party, and they soon found that sparks could be obtained from any 
part of the end of* the l>oilw, as far as the valve upon the steam- 
pipe connecting the two boilers, and also from the pipe through 
which the sediment is blown, as already described. They observed 
further, that while standing in the volume of steam issuing from 
the joint, and touching the boiler, these sparks were always much 
stronger than when the boiler was touched by a person not in the 
current of steam. In one or two cases, according to their account, 
when the current of steam issuing from the joint was very strong, 
the person exposed to it being probably partially insulated by 
standing upon the dry and warm brick-work surrounding the boHer, 
gave strong sparks to others out of the current on bringing his 
hands to theirs; and once or twice they felt, under these circum¬ 
stances, something like a slight electrical shock. ItJfeay be ob- 
servld, that at this time the weather was exceedingly fine and dry. 
It was not long before the engineer of the (olliery, Mr. Marshall, 
became acquainted with these circumstances, and his first feeling 
was to apprehend that the boiler was in danger of exploding, 
for, as he said, “ when there was fire on the outside of the boiler, 
he did not know what there might be within." He accordingly 
sent to Messrs. Hawks’s, of Gateshead, who built the boiler, for 
a person to examine it, and Mr. polightly, their manager in that 
department, went out on Wednesday, the 7 th inst., for that pur¬ 
pose. He gave his opinion as to the safety of the boiler, and 
returned much surprised at the phenomena it presented. The 
singular circumstance of a steam-boiler yielding electrical sparks, 
and giving shocks, now began to be noised abroad; and my friend, 
Mr. Henry Smith, of Newcastle, who had heart! the account 
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both from Mr. Golightly and Mr. Marshall, wrote me a note ac¬ 
quainting me with the matter, and desiring me to go with him to 
see it, which I did on the lltli inst., and again on the following 
day, having with us the second time proper electrical apparatus. 
On our first visit, the boilers being unplugged and empty, we 
merely satisfied ourselves as to all the particulars of their setting, 
etc., already detailed. Next day, on our arrival., we found the 
engine at work, the steam up to a pressure of thirty-five pounds 
an inch, and blowing off strongly at the joint in the boiler. The 
day was a little damp, but yet not unfavourabe, and we were in¬ 
formed on alighting that the indications of electricity were very 
faint and weak; however, we proceeded to our examination, of 
which the following is the result.— 

1. On touching the boiler with the blunt point of a penknife 
anywhere about the circular end, the weight or the safety-valve 
itself, with the steam strongly blowing out of the joint, but with no 
part of the person exposed to the volume of steam, no spark could 
be perceived whatever. 

2. On immersing one hand in the current of steam, and touch¬ 
ing the parts of the boiler already named with the point of a pen¬ 
knife held in the other, a very minute bat distinct spark was per¬ 
ceived, and this occurred equally on all parts of the boiler, or 
safety-valve, within reach. 

3. By standing in the current of steam, so as to allow it to blow 
forcibly upon the person, the spark became larger; it was then 
one-eighth of an inch long. 

4. On holding a large shovel in the current of steam with one 
hand, and touching the boiler with a penknife held in the other, a 
spark was obtained three-eighths of an inch long. 

5. The cap of a gold-leaf electrometer, the bottom of which was 

held in the hand, was applied to the weight, the hotly of the 
operator hamg entirely out of the current of steam ; and no diver¬ 
gence wa^irodueed whatever. « • • 

6. The electrometer held in the hand had its cap applied to the 
weight, the other hand of the operator being immersed in the cur¬ 
rent of steam: strong divergence was immediately produced. 

From this it was evident that the electricity proceeded from the 
steam; but as the boiler-house was damp, so that insulation by 
glass could not well be preserved, a copper wire was attached to 
the shovel already mentioned, the end of which wire terminated in 
the engine-house, some yards distant from the boiler-house, where 
was placed a table. The shovel was held by Mr. Smith in the 
current of steam, with its edge about an inch and a half from the 
aperture through which the steam issued, and the wire leading 
away from the shovel was insulated by being attached to sticks of 
sealing-wax held by assistants. Mr. Smith stood on an insulating 
stool- 
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7 . On touching a pith-ball electrometer, the threads of* which 
were five inches long, with the insulated wire leading from the 
shovel held as mentioned, the balls diverged four inches with posi¬ 
tive electricity. 

w 

8. The wire was attached to an insulated tin conductor, when it 
yielded sparks half an inch in length. 

9. A pointed wire attached to this conductor exhibited the brush 
of light a quarter of an inch long, winch always attends the escape 
of positive electricity from a point into the air. 

10 . A small jar was now charged so strongly as to give a rather 
disagreeable shdck. By this time a large crowd of men, women 
and boys from the “ Pit Raw,” or pitmen's residences near the 
colliery, attracted by the novelty and singularity of the circum¬ 
stances, had gathered about us, filling the engine-house and looking 
on with great curiosity and interest. A circle of sixteen of these 
men and women was formed, and they received together, much to 
their surprise and merriment, a powerful shock from the charged 
jar. This was several times repeated, the numbers receiving the 
shock varying each time from twelve to twenty. 

11 . A stout card «was perforated by a discharge of the jar; and 
cotton wrapped round the end of a copper wire and dipped in 
pounded resin, readily set on fire. 

12. When the edge of the shovel was made to approach the 
aperture through which the steam issued as near as three-quarters 
of an inch, very vivid and bright sparks of that length passed 
continually between it and the boiler. 

13. The second boiler did not discharge steam through any 
fissure, but on lifting its valve by the band it blew off in a strong 
current. When the shovel was held in one hand in this current 
of steam issuing from the safety-valve, # and the boiler was touched 
with a penknife held in the other, a spark passed exactly, as under 
the same circumstances in tlje boiler subjected to the above 
experiments? 

From this it would appear that the steam of both boilers was in 
the same electrical condition. 

During the whole of^hese experiments the engine was doing 
its work as usual, occasionally going and occasionally standing; 
but no difference was observed in the electricity given off by 
the steam. 

• 

I have been most careful to supply an exact account of the facts 
of this extraordinary, and, as far as I know, unprecedented case, 
but I do not offer any theory to account for the phenomena. It is 
hardly possible to suppose that there is any local peculiarity about 
these boilers, or the place where they are situated, to occasion the 
highly electrical condition of the steam produced in them; and yet 
it is as difficult to suppose the fact of high-pressure steam being 
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electrical, n general one j for if it were so, it could hardly, up to 
this time, have escaped observation. The-conditions, therefore, 
under which steam becomes electrical require to be investigated, 
and it is not unlikely that the investigation may lead to important 
results. I am, Gentlemen, 

Your obedient Servant, 

H. L. Pattinson. 

Bcntham Grove , Gateshead, 

October 19, 1810. 

Ibid. 


LVII.— Specification of a patent fir an Improvement in Manu¬ 
facturing White Lead. Granted to Smith Gardner, city of 

New York, August 28, 1810. 

To all whom it may concern: Be it known, that I, Smith 
Gardner, of the city of New Yoik, in the state of New York, have 
invented an improvement in the process of manufacturing white 
lead, known to the chemist under the name of carbonate of lead ; 
and I do hereby declare that the following is a full and exact 
description thereof. 

The first part of my procedure consists in the treating of metallic 
lead by the well known process by which a pulpy substance is pro¬ 
duced, which is known to manufacturers under the name of subox- 
idc- of lead. This process consists in the placing of granulated lead, 
or lead in fragments, in vessels lined with sheet lead, and contain¬ 
ing water. These vessels may be m a cylindrical form, and made 
t6,revolve on their axes, like barrel churns, or they may have a 
reciprocating instead of a revolving motion; and they may be, and 
have been, varied in form in different ways, the only essential point 
in their construction being that the lead contained within them 
may be subject to continued attrition. Thus far, the process is 
indentical with that which has been adopted and followed in many 
manufactories, in which it has been attempted to manufacture 
white lead from the suboxide of lead so produced. 

In these attempts it has been proposeeWo carbonate the suboxide 
of lead, by putting portions of carbonate of potash, carbonate of 
soda, or other carbonates, into the water with the lead undergoing 
attrition, it having been supposed that the alkaline carbonate would 
give up its carbonic acid to the oxide of lead, as said oxide was 
formed. Independently of the known affinities of the respective 
articles named, I have proved, by repeated experiments, on a large 
scale, that carbonate of lead cannot be produced in that way. 
Another attempt to convert the suboxide of lead, obtained by tritu¬ 
ration, into white lead, has been by taking the said pulpy oxide, 
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agitating it in a vessel containing water, and forcing a stream of 
carbonic acid, or of carbonic acid mixed with atmospheric air, 
through it. By this process a carbonate of lead has been produced, 
but in so iInperfect a manner, as to leave it destitute of all the es¬ 
sential properties of that article ; wanting the density, body, and 
freedom from colour, found in good white lead. In consequence 
of these defects, the attempts hitherto made to manufacture white 
lead from the suboxide produced by triturating fragments of lead 
in leaden vessels, under water, have proved abortive; but, by a 
very simple variation of the process, I have succeeded in producing 
good white lead, which has been pronounced by judges to be 
equal to the best that is imported. 

As it was fairly proved that the suboxide would not combine 
with the carbonic acid, after said suboxide had been fully formed, 
I determined to vary the process so as to present the carbonic acid, 
in conjunction with a portion of atmospheric air, to the suboxide of 
lead in its nascent state; and this I have found perfectly effectual. 
In order to effect it, I triturate my lead with water in leaden cylin¬ 
ders, or other vessels, as above described, but, instead of leaving 
the vessels open, or perforating them, for the admission of atmos¬ 
pheric air, I make 'them close, by means of suitable shutters, or 
stoppers, which may be removed whenever it is necessary so to do ; 
and during the whole time that the trituration is continued, I in¬ 
troduce carbonic acid, accompanied by atmospheric air, into the 
triturating vessels. When these vessels are in the form of hori¬ 
zontal cylinders, I pass the gases into them through hollow gud¬ 
geons ; a mode of construction and procedure well known to ma¬ 
chinists ; under other forms or modes of constructing my triturating 
vessels, I adopt whatever means I may consider the best for intro¬ 
ducing the gases within them. The result of this process is, that 
the nascent suboxide of lead presented to the oxygen of the at¬ 
mospheric. air, and to the carbonic acid, combines with them, and 
at once produces a perfect carbonate of lead, possessing all the 
essential properties of that article. 1 in general open each tritu¬ 
rating vessel once in about twelve ho.urs, to remove the carbonate 
of lead which has been formed within it. This may be done more 
or less frequently, according to circumstances. 

When the carbonate oMead thus manufactured, is first obtained, 
it generally has a light tinge of blue, but this disappears in the 
process of drying, and it is not important, therefore, to adopt means 
to prevent it ; I have found, however, that by introducing a very 
small portion of the vapour of vinegar in conjunction with the 
atmospheric air and carbonic acid, the white lead is at once obtained 
perfectly free from colour. 

The carbonic acid may be generated by the combustion of coal, 
or by the decomposition of carbonate of lime, or of other car¬ 
bonates. 
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Having thus fully shown the manner in whiah I conduct the 
process of manufacturing white lead, or carbonate of lead, and 
pointed out the difference in the process as adopted by me .from 
those heretofore followed, what I claim therein as of my invention, 
and desire to secure by letters patent, is, simply, the introduction of 
carbonic acid and of atmospheric air into closed vessels, in which 
fragments of granulated lead is subjected to long continued attri¬ 
tion in water; the introduction of these gases being intended to 
supply the portion of oxygen and of carbonic acid necessary to 
convert the nascent suboxide of lead into white lead; by which 
means a perfect combination is effected, and the desired result 
attained, as herein set forth. Smith Gardner. 


Specification of a patent for Manufacturing Carbonate and other 
Salts of Lead. Granted to Homer Holland, Westfield, 
Massachusetts, "November 3d, 1838. 


To all to whom these presents shall come: Be it known, that I, 
Homer Holland, of the town of Westneld, in the county of Hamp¬ 
den, and state of Massachusetts, have invented several new im¬ 
provements in processes for compounding, making, and producing 
pulpy compounds from Metallic'lead, and of converting said pulpy 
lead into sulphate and carbonate of lead for white pigments; and 
also for making of said pulpy lead into chromate of lead, known as 
chromic yellow; which special improvements in compounding have 
not heretofore been known or used: and that the following is a full 
discriminating, and exact description of said methods, sufficient in 
detail to distinguish the same from all other processes, and to en¬ 
able any one skilled in chemistry to apply and use said improve¬ 
ments understanding^. The special improvements which I would 
describe and claim, consist, 1st. In using any alkaline salt, or 
substitute, in the moistening solution for the charge and chamber, 
or open headed cylinders, described and mentioned in my patent 
dated the 18th day of March, 1836, whose elements consist essen¬ 
tially of oxygen, carbon, and hydrogen, iu#ny proportions, instead 
of alkaline carbonates, before recommended and employed, as they 
augment the electro-chemical action, increase the product, and 
modify and facilitate the combination of the elements with nascent 
pulpy lead, by their presence, catalytically. 

Acetates of lead, whether neutral or basic, also sugar, and even 
alcohol, may be advantageously used in the solution, to moisten 
charge# chamber, and pulp. , ' 

2d. In adjusting the pulpy plumbic compound, produced As 
described in my said patent, for acetate and nitrate of lead, or with 
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the catalytic additions with neutral chromate of potash or soda, or 
by dissolving the alkaline chromates in water, and using this chro¬ 
mic solution as the moistening of charge and chamber. 

The chronic pul]), after subsiding, may have most of all the 
alkali withdrawn by decantation, and the remainder neutralized by 
Avashing with water, made acid by sulphuric or other acid. 

The commercial bichromates of potash and soda arc to be made 
neutral by the addition of suitable proportions of their respective 
bases. 

The economy of the above process, in making chromate of lead, 
is in substituting the plumbic compounds in their nascent state, for 
the expensive plumbic salts, acetate and nitrate, now usually em¬ 
ployed in the manufacture of chromic ye!lov\ 

3d. In my said patent for oxidizing and producing lead pulp, 
although, in the incipient stage of the operation, the lead may he 
an under oxide, the subsequent exposure, in the open-headed 
chambers, to the continuous and conjoint action of the elements 
which constitutes the atmosphere, water, and catalytic additions, 
together with the friction, and the known and established property, 
or capacity, which, all -metals, in a minute state of division, have 
of absorbing, “ dissolving,”* or combining with, all elements with 
which they are in contact, constrains me to disclaim the opinion, 
that plumbic pulp, under any circumstances, can be considered a 
definite compound, and much less an oxide ; but that it is a com¬ 
pound of lead, into which the elements, hydrogen, carbon, and 
nitrogen, and their compounds, enter, as well as oxygen. 

By the foregoing explication of the pulpy plumbic compound, 
the following rationale of the modifications of the pulp, in convert¬ 
ing it into a perfect carbonate, or sulphate, will be apparent. 
After carbonating the pulp with certain catalytic additions, artifi¬ 
cially, should there bo any basic salt, it is to be removed by washing 
in an alkaline solution, boiling, particularly in making the sulphate 
of laid, tlvi pulp must be boi'ecl to modify the plumbic hydrate by 
more highly oxydizing the pulp. 

The sulphate of lead is made directly from the pulpy lead, 
modified and oxydized by heat, while in its moistened state, by 
digesting it, in any quantity, with sulphuric acid of commerce, 
previously diluted with twice its measure of water, (more or less,) 
and suffering the acid thus diluted to become perfectly cold, previ¬ 
ous to adding the pulpy lead. 

It is necessary to boil the dilute sulphuric acid and pulp 
thoroughly together in a shallow leaden vessel, with rather an excess 
of acid, that the product may become a perfect sulphate; in this, 
great caution is requisite, otherwise the product will be, more or 
less, a mixture of sulphate, hypo-sulphate, or sulphanide of lead, 
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and its colour changed by mixing and painting in oil. Besides, it 
will not be as dense, fine, and fusible. 

All the pigments should be thoroughly washed in several waters, 
and may be dried by the well known methods. 

The cylinders mentioned in said patent, I now make about four 
feet in length, and thirty inches in diameter, wholly of lead, either 
sheet or cast, about one-fifth of an inch in thickness. The ends 
are entirely open, except an inner rim to retain charge and moisten¬ 
ing fluids, or solution, with forming pulp, and allow a free circu¬ 
lation of the atmosphere for its elements. 

They are mounted on an axis, passing through their centres, 
and the centres are of iron, with arms which are attached to the 
rims of each end of the cylinders. The rotations may vary from 
six to nine times a minute, and are moved by a drum and belt, or 
other gearing. The pulpy lead may be withdrawn every six, eight, 
or twelve hours. The medium charge is fifty pounds, and the 
moistening fluid, or solution, from three pints to three quarts, or 
more. 

I claim, 1st. The process and method of using the alkaline salt, 
carbonates, and other catalytic substitute?, as, hereinbefore men¬ 
tioned, in moistening charge, and chambers, described and men¬ 
tioned in said patent, in producing pulpy plumbic compounds; 
and I do not intend to restrict their application and use to pulpy 
leads produced by revolving chambers alone, but to extend their 
application to the compounds of lead produced by other methods 
of friction, whether substituted, or adopted, to evade my chambers. 

2d. I claim making chromate of lead, as above specified and 
described. 

3d. I claim modifying the pulpy plumbic compounds above de¬ 
scribed for carbonate of lead, and particularly the processes de¬ 
scribed for making a definite sulphate of lead, by digesting, 
boiling, and washing, as above discriminated, and made plain and 
distinct. Homer Holland. 


Remarks by the Editor. —We have inserted the three foregoing 
specifications on the manufacturing of white lead, and of other 
compounds of lead, because the particular process upon which they 
are dependent, that of producing these compounds from lead com¬ 
minuted by trituration, has, of Jate, excited much interest, and 
been a subject of frequent inquiry. The first of these specifica¬ 
tions leads to the conclusion, that Mr. Holland supposed this pro¬ 
cess to be new in the year 1836, whilst the fact is that it was the 
subject of a patent obtained by Joseph Richards, of Philadelphia, 
in the year 1818. A manufactory was also established at Norris¬ 
town, Pennsylvania,' in which the triturating process was em¬ 
ployed, and after essaying the thing for a considerable length of 
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time, the plan was given up. The white lead produced was defi¬ 
cient in body, and its colour was said not to be good. 

That Mr. Holland found the process of 1836 defective, is to be 
inferred from his patent of 1838, for improvements in it. We 
should be glad, however, to obtain his own account of this matter, 
as we might err greatly by detailing the information received from 
others. 

Mr. Holland’s second specification we think much more elaborate 
than clear ; had language more simple been used, it would have 
rendered his meaning more obvious to the great body, even of those 
“ skilled in the art.” We have ventured to insert, and to change 
a few words, where we thought that it might be safely done, but 
further than this we have not gone. 

On the 7th of June, 1838, Mr. William Cumberland, of New 
York, obtained a patent for a process of manufacturing a white 
pigment, the specification of which we published in vol. xxiii. p. 
402. The patent obtained by M r. Gardner is, it will be seen, for 
a particular variation of the process of oxidizing and caibonating 
the pulpy lead, and by which, he states, a very superior white lead 
is obtained; and his statement has b£en corroborated by others. 
We shall have something, further to say on this subject. 

* Journal of the Frauklyn Institute. 


LVIII.— On the course or path of the Electric Fluid. « By Henry 

Dikcks, Esq. 

« 

Read before the Literary and l’hlosophical Society of Liverpool, Nov. 16. 

AlthoughVe have two principal theories by either of which we 
may account for electrical phenomena, yet as is well known there 
is no theory that is universally adopted. We prefer that of Du 
Fay ot two fluids, the resinous and vitreous, whereas in America 
the Franklinian theory of a single fluid continues to be received. 
It is certainly a curious and remarkable fact, that this important 
point which appears to be at the very head of our inquiry, in in¬ 
vestigating the nature of this exceedingly subtle agent, should 
have so long withstood every effort that has been made to develope 
its operation; and that with our expended means of pursuing this 
interesting investigation, philosophers should still remain divided 
in opinion. We agree that it *is the same agent which is at work 
in atmospheric, frictional, magnetic, voltaic, organic and thermo¬ 
electricity, The same data are taken up by the favourers of either 
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theory to prove their sevetal positions; that influence of points is 
alike advanced to prove the existence of one and of two fluids. 
Franklin and all electricians after him, speak of the star and the 
brush, the former negative, the latter positive; whereas Dr. Fara¬ 
day contends that under favourable circumstances, and especially 
in some gases, the negative and positive points both offered the 
electric brush of light. We are all familiar with the experiments 
proposed as evidence of the existence of a single fluid, as the action 
of a flame between two balls, one positively, the other negatively 
electrified, by which the latter becomes very much heated ; the 
stream of air produced when a point proceeds from a conductor.; 
the manner of charging the Leyden phial; and especially that 
given by Mr. Lullin, when the discharge of a jar is made to per¬ 
forate a varnished card, between two points on either side, but 
half an inch asunder, by which the point proceeding from the 
negative side invariably perforates the card, although a hole may 
have previously been made opposite the positive point, where a 
perforation does not otherwise occur; also the common discharge 
through a card placed against a charged jar, where a burr is pro¬ 
duced on both sides, but more markedly if the card is set vertically 
between the points of the universal discharger, when the bun' will 
be found larger on the negative side where the positive electricity 
may be supposed to make its exit, and smaller oil the positive side, 
the outlet for the negative or resinous electricity. The appearance 
by perforating bodies, might at first seem conclusive that there are 
two fluids, but it has occurred to the writer, and may be worthy of 
notice here, in explanation of the double burr, though he has never 
met with any notice of a similar view of this subject, being taken 
by others, that, as the electric fluid is so rapidly excited by friction, 
pressure, and slighter causes; the electric discharge itself, by its 
ait lazing rapidity, may become the exciter of a quantity of the 
fluid previously latent, which brought into activity, a reaction may 
be thereby produced, and this whether there is one or two fluids. 
This seems to be both a reasonable and highly probable conse¬ 
quence. ' rt 

We here have instances of the effects of the electric fluid, but 
can neither arrive at any conclusion respecting its nature, nor as¬ 
certain the direction of its course. As we might hope to arrive at 
something more conclusive by considering this latter point, which 
indeed is the main object of the present paper, we shall proceed to 
this more important inquiry. 

One known means of tracing the passage of the electric dis¬ 
charge is that made when thejpoints of the universal discharger are 
placed an inch apart on a card, having a broad line painted on it 
with vermillion, when the discharge leaves a well defined irregular 
black line. Observation in this way, however, is very limited. 
We wish to arrive, for instance, at something definite whether 
there is one or two fluids- and we wish to see in the path it takes 
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whether it passes right over, meets halfway, or pisses side by side. 
In short, what are the peculiarities exhibited by the discharge of 
the Leyden jar ? 

Dr. Faraday, in his most excellent and alaborate “ Researches," 
states that an ever present question on his mind has been, “Whe¬ 
ther electricity has an actual and independent existence as a'fluid 
or fluids, or was a mere power of matter, like that we conceive of 
the attraction of gravitation. If determined either way,” he adds, 
“ it would be an enormous advance in our knowledge." Not only 
every experiment which has for its object the elucidation of elec¬ 
trical phenomena, but likewise the opinions of electricians may 
truly be said to be of extreme value. It is well, therefore, that 
Dr. Faraday lias put on iecord as well in what he succeeded as in 
what he failed. The ill success of one mav suggest another course 
of experimental inquiry to some other worker in this prolific field 
of scientific research, and thus we may hope gradually to develop 
many important results in connexion with electrical science, from 
which, with good cause, we expect to reap many discoveries of 
great practical benefits. 

It early appeared to me quite within the range of possibility to 
render this active fh'.id a'iell-talc, as it were, of its own progress, 
especially in conducting the discharge of the Leyden battery. I 
felt convinced of this from what has already been noticed of the 
piercing of cards, the black line left on a vermillion coloured card, 
and also from the markings left on the uncoated glass by the 
spontaneous discharge of an overcharged jar. But my object was 
to obtain evidence on a larger scale, and of a more conspicuous 
character. 

My first experiments were made with a piece of window glass 
four inches square, smeared on one side with a mixture of flowei’s 
of sulphur and white lead ground together with gum water, laid 
evenly on the glass and dried. When‘placed against the side of 
the Leyden jar, the charge may be passed over it by using the 
discharging 'i’od, in which way a* dark brownish line two or three 
inches long, having a circuitous course, is easily produced. 

Not satisfied with this result I at length adopted a plan which 
successfully affords an interesting illustration of the path of the 
electric fluid through a considerable space, varying with the quan¬ 
tity of charged coated surface. From 18 inches to 2 feet is easily 
obtained with a gallon jar, or battery of equal capacity, provided 
the electrical machine is in good working order. The means of 
effecting this will appear very simple, though the conditions requi¬ 
site for its success are not so obvious as might at first appear. 
Take a broad oblong plate of glass, place under it a sheet of white 
paper, then by striking a fine hair-sieve containing iron filings, let 
fall on the glass an equal distribution of the filings until they com¬ 
municate a dark-grey shade over the paper. The glass m> prepared 
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is to be placed in the line of communication for making the dis¬ 
charge. When this is done with the white paper under the glass, 
the result is most conspicuous, beautiful, and interesting. The ap¬ 
pearance that instantly follows is something like a map of a ser¬ 
pentine river, with often small branches issuing out in many 
streams at some of its principal windings and again running into 
the main branch. Throughout the tortuous course of this passage 
the iron filings are swept away to the breadth of one-eighth to a 
quarter of an inch and upwards by the rapid transit of the fluid, 
with as much neatness and precision as if carefully removed by 
some process requiring extreme care and delicacy of manipulation. 
Often a few grains form an irregular central line. If a short piece 
of crooked wire in the form of a ring, arch, or helix, be placed in 
or a little out of the direction of the fluid, it is made part of the 
circuit, and the filings are not disturbed if any arched form or 
immediate connection otters a more perfect conductor. On shaking 
the filings off the glass no trace appears to remain, until breathed 
upon, when a clear thread like line, having a slight dark colour, 
becomes distinctly observable.* 

The success of this experiment seems to depend on a peculiar 
arrangement, and the best I have found, if to have the Leyden jar 
placed on the edge, and touching the filings at one end of the glass 
plate; a perpendicular rod of thick wire being at the other, from 
the top of which, a connexion may be made (by a discharging rod,) 
with the ball of a Leyden phial. A full charge is requisite to make 
a good marking of the path, and the filings should not be too 
thickly spread, otherwise the electricity pastes over in flashes ; a 
communication, too, should be made between the outside of the jar, 
and some good conductor. The vertical pillar at the further end of 
ttye plate, lips been formed to answer when long thin bent wires 
proved quite ineffectual. 

It is only to be regretted that this beautiful experiment leaves 
the subject still open to enquiry; but this may be one step, which, 
in other hands, may be made serviceable in obtaining greater insults. 
I cannot pass over, in this place, mentioning a very easy means of 
tracing, and so registering, the several experiments made at each 
discharge. This is done by taking the glass, strewed with filings, 
and having a marking which is to be copied; on each end or down 
each side place a thin lath, on this lay another, but of plain glass of 
equal size, over all place a slip of paper long enough for a tracing. 
Now, rest the glasses between two tables set apart, or between two 
flat bars of wood, resting on a'table, and in such a situation, that 
a small lighted candle placed on the floor, will throw the shadow of 
the filings up through the glass on the back of the paper. There 
being no other light in the room, this is easily done. Ur by giving 
a coating of thick glue to cartridge paper ; this, if carefully man¬ 
aged, would take up the filings oft* the glass, and show a reversed 


« A description of the apparatus will be seen at the end of the article. 
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specimen of the electric path. In this way I have taken the filings 
and preserved the figure made by the magnet. 

Another experiment, too interesting to be omitted, was performed 
with a few sheets of strong pointing paper, stitched like a pamphlet. 
In the first experiment made with this, it was laid on the table of 
the universal discharger, and the balls being removed, the blunt 
pointed wires were placed on the paper, an inch and a quarter 
asunder; the discharge of a very large jar, slit the paper, giving 
it the form of two small folding doors. With a mixture of equal 
parts of flowers of sulphur, and red lead, the face of the upper and 
three lower leaves were strewed over. The result on making the 
discharge was not always the same—thus 

Ex. 1. In a passage of one and a quarter inch, the positive end 
was harmlessly passed over for more than one-third, leaving only 
a dark line on the top leaf; from hence to the negative end, the 
paper was ripped open, the cut being in shape like the letter H. 
On examining the lower or second leaf, the remaining two-thirds 
of the passage, that is, the horizontal line of the H., presented a 
broad black marking, which had struck also to the under side of 
the upper leaf. The Jthirft leaf was untouched. 

Ex. 2. This was precisely tftc same as the foregoing, with the 
exception of being a shorter path, and more violently torn, so that 
the rent, formed a very oblong II., and the positive side was unin¬ 
jured for near half way. The remaining half, which*we call the 
negative side, showed a broad black band on the face of the second 
leaf. 

Ex. 3. This passage was remarkable from the paper being 
pierced on the positive side, clear of the rent beyond it, which was 
of a very imperfect H form. The paper was unmarkecRand unin¬ 
jured for a quarter of the path on the positive side, at the end of 
this the paper was pierced with a small hole. On the second leaf, 
a round black spot occurred, corresponding with this terminus of 
the positive side, and at the negative end where the rent begins, 
there was another black spot or star, both connected by a straight 
cut in the paper not discoloured, and branching off* right and left at 
the negative end, in form like a T. The third leaf not marked. 

Ex. 4. Here the passage from the positive was marked one- 
third with a faint line, at the end of which a small hole appears, 
and another hole at the commencement of the negative passage, 
without tearing the paper. On the. second leaf these holes have 
corresponding black perforated spots, and on the third leaf there is 
a broad black mark, with a corresponding one oil the upper side 
of the leaf above it. These black marks are all very like the re¬ 
presentation of mountains in a map, and have a white band running 
through their centre. 

Here, as in Mr. Lullin’s experiment, there is a tendency on the 
negative side to enter the paper, although its] surface is covered 
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<with a conducting substance. There is more violence, too, on this 
aide, where indeed we have a disruptive discharge. These experi¬ 
ments are on many accounts exceedingly interesting. It would 
appear as if the positive or vitrious electricity had greater velocity 
than the negative, that the two electricities meet at this point, and 
uniting cause an explosion, followed in this instance by a chemical 
effect—the production of a sulphuret of lead, which marks only the 
.-remaining two-thirds of the path. This, if correct, would seem to 
offer some modification in the remarks Dr. Faraday makes on the 
current—he says, “ It is a most important part of the character of 
the current, and essentially connected with its very nature, that it 
is always the same. The two forces are every where in it. There is 
never one current of force, or one fluid only. Any one part of the 
current may, as respects the presence of the two forces there, 
be considered as precisely the same with any part; and the nume¬ 
rous experiments which imply their possible separation, as well as 
the theoretical expressions which, being used daily, assume it, arc, 
I think, in contradiction with facts.” What he next adds is too 
remarkable in connexion with our experiments not to call for spe¬ 
cial notice. “ It appears to me to be as impossible to assume a 
current of positive or a current of negative* force alone, or of the 
two at once with any predominance if the one over the other, as it is 
to give an absolute charge to matter/’ (l(>27-) The establishment 
of this as a fact or its disproof he justly considers of the utmost 
importance. 

We might almost be inclined to inquire in reference to the elec¬ 
trical experiment from the consideration of which we have digressed. 
Has the resinous electricity a tendency downwards, and the vitreous 
a tendency upwards ? Or, has the latter greater velocity than the 
•former ? *Or do these experiments at all prove “ that the centres 
of the two forces (or electricities), or elements of force, can be 
separated to any sensible distance ?" 

November, 1840. 

Fig. 2, plate vi., Shows the arrangement of apparatus for making a,,long path 
through iron filings. A, the Leyden jar; B, a glass pillar mounted with a wire 
supporting theinotal bar C, I). A, I), 1), a plate Of glass strewed over with iron 
filings. V, K, F, the discharging rod by which to complete the connexion in 
making the discharge. 

Fig. 3. A, B, 1), tiie glass plate and filings displaying the path of the electric 
fluid. A, the negative end, B, the positive. 


LIX.—Om Electro-Magnetic Forces. By J. P. Joule, Esq, 

67* I have in my last paper described a method of constructing 
the electro-magnet which is attended by great results. The few 
additional experiments which I have now the pleasure of submit¬ 
ting to the readers of the “ Annals,” are, I think, confirmatory 
of the principles before advanced. 

68, A piece of stub iron was (as in the manufacture of gun bar- 
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reh) formed into a spiral and welded on a mandril into the shape 
of a thick tube, by Which process the iron was rendered very com¬ 
part and sound throughout This, and another piece of iron which 
was intended for an armature, were planed, turned, and fitted with 
eye hole screws in the manner that 1 have previously described 
(39)*. In fig. 1, pi. vii. C. represents the electro-magnet, D.*theur- 
‘ mature, and A. B. a conductor of copper rod or wire passing along 
one side, returning by the axis, and then away by the other side, 
so as! to go about the whole once only, and in a shape somewhat 
similar to that of the letter S. The length of the electro-magnetic 
cylinder is two feet; its external diameter is 142 in., and its inter¬ 
nal, 0*5 in.; the weight of the iron of the, magnet, with the screws, 
is 6 lbs. 11 oz.; that of the-armature 3 lbs. 7 oz.; and the least 
sectional area of the magnetic circuit (49), 10i square inches. 
This electro-magnet, in order to distinguish it fi*om the rest, I call 
No. 5. 

6,9* A copper rod, a of an inch thick, was covered with a ribbon 
of cotton, and bent about the cylinder as I have just described. 
The eloctvo-magnet and its armature were then secured, by means 
of cords passing through the eyehole?, to strong pieces of iron 
affixed to the levers, (4S). A battery consisting of eight of the 
cast iron cells (()()), each of which presented an effective surface of 
two square feet, was arranged as a single pair, and, in connection 
with the electro-magnet, induced a lifting power of about 1350 lbs. 

70. Being aware that a bundle of thin wire is a 'much better 
conductor than a rod of the same weight and length, I removed 
the copper rod and substituted for it a bundle, consisting of (iO 
copper wires, each 1 -23th of an inch thick. With this arrangement 
it was found that Hi cast iron batteries, in a series of 2, produced 
a lifting power of 18.>(; lbs., or 1S3 times the weight iron em¬ 
ployed in both the magnet and its armature. 

71. Now, by dividing the power tlm§ obtained by the least sec¬ 
tional area of the magnetic circuit upon which it is induced, we 
have a«pccific power of 181, whteh is only two-thirds of that which 
a comparison with other electro-magnets would lead us to expect, t 
This deficiency is, I think, mainly owing to the very small relative 
quantity of conducting metal about this (No. 5) electro-magnet, a 
deficiency which demands a proportionate increase of battery 
power, in order to produce the same effects. This, with the diffi¬ 
culty of making the weight bear evenly on every part of so long a 
cylinder, may, I think, satisfy us that, if every circumstance were 
strictly attended to, its maximum fifting power would obey the 
general rule. 

72. Having suspected that ffhe extreme power of the large electro- 
raj^net^No. lj> had, not been attained in my last experiments, on 

September, Vnl. fi, p. J00. 

’ f Tatile 4, Aunals, Vol. 5, p. 193. 

J For {^description of this electro-magnet, see (39), Vbl.fi, p. 190. It has 
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account of the imperfect insulation of its coils (45), 1 was deter-' 
mined to try it again, and to use every precaution which was calcu¬ 
lated to develope its magnetism to the full extent. The old wire 
was removed, and 21 copper wires l-25th of an inch thick, and 23 
feet long, were bound together by cotton tape. This was wrapped 
on the iron, which had been previously insulated by a piece of 
calico. 

73. Sixteen cast-iron cells, of the same size as those previously 
described, were'then arranged in a series of four, and connected by 
sufficiently good conductors to the electro-magnet The power 
which was then necessary to break it from its armature was 27751bs. f 
or nearly a ton and a quarter. An immense weight, when it is 
considered that the whole apparatus, magnet, armature, and coils, 
weighs less than 261 bs. 

74. Now by the formula x — 280 a (51), we have 280 X 10 = 
2800 for the greatest lifting power of this electro-magnet, or only 
251bs. more than that actually found, which cannot but be con¬ 
sidered as a striking proof of the accuracy of the general principles 
I have before advanced (49). That the saturation of the iron was 
very nearly effected, appears from the fact that the quantity of* 
electricity used above, was fourtimes as«greai as that which was 
competent to make the same electromagnet carry 19 cwt. 

75. Although the battery that I have used for obtaining maxi¬ 
mum effects is very powerful, a very good lifting power may be 
attained by means of a very small voltaic arrangement. For in¬ 
stance, No. 1 can carry 8 cwt. when the current generated by a 
single pair of 4-inch plates of iron and amalgamated zinc, is passed 
through its coils ; and with single plates of platinized silver and 
amalgamated zinc, exposing only two square inches of surface, the 
attraction is .such as to require the utmost force T can exert, even 
to slide the armature. 

• 

Broom Hill, near Manchester, November, 53rd, 1840. 


Errata in Mr. Joule!s paper on Electro-Magnetic Forces.— 
Vol. 4, p. 478, table 4, for 16 ’ 6 * read 1 * 66 . Vol. 4, p. 481, line 25, 
for considerable read considerably. Vol. 5, p. 196 , table vii., for 
2 d and 11 read 2-6 and 1 * 1 . 


t f - • , [fi* , 

been prt&ated to the * Roy&l VUtoria Gallery” pt Manchester, where ifjrtill 
remains on exhibition. * 
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BRITISH ASSOCIATION PROCEEDINGS 

AT GLASGOW, 1840. 


Dr. Playfair "On a New Fat Acid."—Dr. Playfair bad examined 
gome of the vegetable fats, for the purpose of ascertaining whether the 
margaric acid contained in them possessed a constant composition. Pie 
remarked that the acid in the butter of nutmegs was peculiar, and had 
not formerly been examined. Pelouze and Bondet have stated in the 
Ann ales de Chimie, that it is margaric acid. Dr. Playfair considered 
that the radicals of screcic and cenanthic acid were similar; in the 
former, however, one equivalent of hydrogen is replaced by one equiva¬ 
lent of oxygen. It is a beautiful white crystalline compound melting 
at 49 s C., and is soluble both in alcohol and ether, ♦f he combination 
of the acid with oxide of glyceril, exists in the butter; it unites with 
metallic oxides and forms salts: these were described, but the results 
are not susceptible of analysis, as they were principally numerical. 
The formula of the aaid is*C II 0 . 

. 28 « 64 9 

Dr. Ettling " On the Indentity of Spiroilous and Saliculous Acid.” 
—The oil discovered by M. Pagenstecher, and obtained by the distil¬ 
lation of the spiraea ulmaria, has already attracted considerable atten¬ 
tion. Dr. Ettling had analyzed it previously to the appearance of M. 
Piria’s valuable paper on Salicyl. The oil decomposes into two oils on 
keeping, one of which i3 specifically lighter, the other heavier than 
water. Dr, Ettling discovered that the latter possessed the same com¬ 
position as hydrated benzoic acid. The action of ainmon'ia on;the dil 
gives rise to some new interesting compounds. In order to obtain these 
compounds it is indifferent whether saliculous or spiroilous acid be 
employed. The final product of the action of ammonia upon these, is 
the amide oLealicyl (salicylamidtf). This body evidently belongs to 
the class of amides, for it does not evolve ammonia, on the addition 
either of potash or of acids. • The cause of its formation is as follows: 
three atoms of saliculous acid unite with three atoms of ammonia, and 
form saliculite of ammonia, whilst three of hydrogen and oxygen com¬ 
bine together and form water. This salicylamide unites with copper, 
iron, and lead, forming compounds. 

Professor Liebig "On Poisons, Contagions, and Miasms.”—Dr. 
Playfair stated that he had prepared, at the request of the author, a 
statement of Professor Liebig’s new views on the. subject of poisons. 
Poisons might be divided into two classes, those belonging to the inor¬ 
ganic and organic kingdoms. Many substances were called inorganic 
pbi&ns which had in reality no claim to be considered as such. Sul¬ 
phuric, nitric, and muriatic acid, when brought into contact with the 
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animal economy, merely destroyed the continuity of the organs^ and 
might be compared, in their modus operandi, to the action of a heated 
iron, or a sharp knife. But there are others—and then© are the true 
inorganic poisons—which entered into combination with the substance 
of the organs without effecting any risible lesion of them: Thus it is 
known, that when arsenions acid or corrosive sublimate is added to a 
solution of muscular fibre, cellular tissue, or fibrin, these enter into 
combination with them, and become insoluble ; when they are intro¬ 
duced into the animal organism the same circumstance must happen. 
But the bodies formed by the union of such poisons with animal sub-' 
stances are incapable of putrefaction; they are incapable, therefore, of 
effecting and suffering changes; in other words, organic life is de¬ 
stroyed. The high atomic weight of animal substances explains the 
cause of such small quantities being requisite for producing deadly 
effects. After stating several chemical details on this subject, it was 
shown that to unite with 100 grains of fibrin, as it exists in the human 
body, (in which it is combined with 30,000 parts of water) only 3t] 
grains of avseniot* acid are necessary, or 5 grains of corrosive subli¬ 
mate. Tlio second class of poisons were those belonging to the organic 
kingdom. For some such substances as brucia and strychnia, no data 
exist by which it can he determined to what cause their action may be 
assigned. But the morbid poisons, such as" putrid animal and conta¬ 
gious matter, appear to owe their action to a peculiar agent, which 
exerts a much more general and powerful action than chemists are 
aware of. Thus, when oxide of silver is thrown into peroxide of 
hydrogen, the oxide is reduced, and metallic silver remains. Here 
there can be no affinity, for oxygen can have no affinity for oxygen. 
It is merely that a body in a state of motion or decomposition is 
capable of inducing upon or imparling its own state of motion or de¬ 
composition to any body with which it may he in contact. There is 
a disease frequently produced in Germany by using decayed sausages 
as an article of food. The symptoms attending the disease are re¬ 
markable, and dihiitictly indie Ue its cause. The patient afflicted with 
the disease becomes much emaciated, dries to a complete mummy, and 
finally dies. The muscular fibre and all parts similarly composed disap¬ 
pear. The cause of this evidently is, that the state of decomposition, in 
which the component parts of the sausages are, is communicated to the 
constituents of the blood, and this state not being subdued by the vital 
principle, the disease proceo Is until death ensues. It is remarkable 
that the carcases of the individuals, who have died in consequence of 
it, are not subject to putrefaction. The cause of the action of con¬ 
tagious matter is similar. It is merely a gaseous matter in the state 
of transformation, and capable of imparting the state of transposition, 
in which its atoms are, to the elements of the blood. It is capable of 
being reproduced in the blood just as yeast causes its own reproduc¬ 
tion in fermenting wort. The causes of the action of yeast aij,d of 
coutagion were shown to be the same, and examples were produced in 
which similar reproductions take place in common chemical processes. 
There are two kinds of veast used in the brewing of Bavarian beer. 
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The fermentation caused by one is tumultuous; that produced by the 
other is tranquil. They, therefore, induce the peculiar state of trans¬ 
position in which their atoms are upon the elements of the sugar. 
The same was shown to be the case with tho vaccine virus of cow and 
human small-pox, of which, one produces a violent action upon the 
constituents of the blood, whilst the other causes a gentle action quite 
distinct from the former. • 

Professor Hannay said he could not exactly coincide with the views 
proposed regarding the action of inorganic poisons, as he was con¬ 
vinced the cause of their virulence was owing to something further than 
lheye combination with the animal membranes; nor could he coincide 
in the comparison brought forward by Dr. Playfair, that sulphuric and 
oxalic acids merely acted like a healed iron, by destroying the con¬ 
tinuity of particular organs. He thought that through the. course of 
the inquiry chemistry had been too much kept in view, and that medi¬ 
cine had not been sufficiently consulted. It was singular to see us 
brought back to the time of Hippocrates, who also had affirmed that 
contagious matter was a kind of yeast acting in the blood. Dr. Play¬ 
fair explained that Professor Liebig expressly states in his report, that 
this subject cannot be completed without the co-operation of physio¬ 
logists ; that he had therefore merely brought forward the purely 
chemical part of the inquiry, and hoped thereby to draw the attention 
of physiologists to its further investigation. Hippocrates had certainly 
compared the action of yeast with that of contagious matter, and the 
comparison was so apt that it could scarcely he avoided; hut the merit 
of Liebig's views is, that, he has explained the action of yeast, and 
shown that it is owing to a peculiar agent winch has hitherto escaped 
attention, but which plays a very important part in the phenomena of 
combination and decomposition. 

FKOF. FORBKS IN THU CHAIR. 

On the Decomposition of Glass, By Sir David Biu:wsti:r. 

There is no subject more curiofis or more instructive than the dis¬ 
integration of crystallized and uncrystallized bodies, either by the 
direct influence of chemical agents, or the slow process of natural de¬ 
composition. At the Edinburgh Meeting of the Association, I sub¬ 
mitted (said Sir David) to this Section a brief account (which has been 
since published in an enlarged form in the Edinburgh Transactions) 
of remarkable optical phenomena produced by the instantaneous action 
of water and other fluids on crystals, and on the : r subsequent decom¬ 
position when placed in their saturated solutions. Since that time I 
have had occasion to examine the phenomena of decomposed glass, 
both of that which is found in Italy, of which I have received the 
fine# specimens from Mrs. Buckland and the Marquis of Northamp¬ 
ton, and of other specimens recently found in making excavations 
abating the ruins of the Chapter-house of the Cathedral of St. Andrew's. 
In decomposed glass, the decomposition‘commences in points, and 
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extends itself either in planes so as to form thin films, or in concentric 
coats so as to form concentric films. When the centres of decomposi¬ 
tion are near each other, the concentric films or strata which they form 
interfere with each other, or rather unite, and the effect of this is, that 
the glass is decomposed in film of considerable irregularity, their sur¬ 
faces having a finely mammillated appearance, convex on one side and 
concave on the other. The films thus formed are of extreme beauty, 
and afford, by transmitted light, colours of infinite beauty and variety, 
surpassing anything produced in works of avt. They have the effect 
of dissecting, as it were, the compound surface of the solar spectrum, 
or of sifting and separating the superimposed colours, in a manner an¬ 
alogous to what is produced by coloured and absorbing media. I have 
succeeded, indeed, in producing one or more bands of white light in¬ 
capable of decomposition by the prism; and there can be no doubt 
that they will be found to exercise a similar or an analogous action on 
the leading rays on the thcrmometric spectrum. In the decomposed 
glass from St. Andrews, a change of a very different kind is effected. 
In some cases the siliceous and metallic.elements of the glass are se¬ 
parated in a very singular manner, the particles of silex having released 
themselves from the state of constraint produced by fusion and subse¬ 
quent cooling, and arranged themselves circularly round the centre of 
decomposition; while the metallic particles', which are opaque, have 
done the same thirg in circles alternating with the circles of the silice¬ 
ous particles. This restoration of the silex to its crystalline state, i$ 
proved by its giving the colours of polarized light, nnd possessing an 
axis of double refraction.—The notice was illustrated by diagrams and 
specimens of the different kinds of^lass referred to. 

Prof. Forbes observed that few persons can form any correct concep¬ 
tion of the total amount of the value of glass used in the various optical 
instruments, on the correct action of which so much depended. Whe¬ 
ther the decomposition which Sir David Brewster had now brought 
under notice, arose from the action of the atmosphere, or from inter- 
molecular action, ns Sir David- Brewster seemed to think, or from some 
original defect in making or annealing the glass, it was of the utmost 
consequence. Dr. Traill had given him a specimen ofc a piftce of 
plate glass manufactured near Liverpool, which, when polished, proved 
to be filled with fissures and flaws in the interior; and he informed him 
that the manufacturers had no means of ascertaining the defect, which 
frequently occurred, until they had gone to the expence of polishing 
the plates.—Sir David Brewster said, that the value of the glass em¬ 
ployed in philosophical instruments was indeed incalculable, and that 
the most valuable glass articles manufactured by Frauenhofer,* of 
Munich, seemed to be peculiarly liable to some superficial decomposi¬ 
tion of this kind. A prism of this glass in the Observatory of Paris 

* M. Ltunont, the Frofessor of Astronomy at Munich, who is in the constant 1 hairit of using ‘ 
Frauenhofer’s glasses, was not present at this conversation; but he afterwards informed Sir 
David Brewster that there was an easy and effectual 1 remedy for this tendency of Franenhofer'e 
glass to deteriorate on the surface, which wa», to rub it frequently with the finer parts of whiting, 
prepared by elaborating a mass of whiting in water, the fine powder to oe dried and used on ol4 
soft linens ; 
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had become absolutely black. A prism belonging to himself had be¬ 
come quite blue on the surface, although as yet its action on light was 
not effected. The large object glass of the principal telescope in the 
Observatory of Edinburgh had began to show decided symptoms of su¬ 
perficial decomposition; and many other instances also could be men¬ 
tioned. He considered it of the utmost importance that a remedy 
should be discovered and applied.—Frof. Forbes mentioned some in¬ 
stances of this kind of decomposition taking place in telescopes on the 
continent, which showed that it was nothing peculiar to our climate.— 
Sir Darid Brewster did not think it arose from atmospheric action at 
all, but from some mutual action of the particles of glass themselves.—- 
Prof. Forbes, Then why is it confined to the surface ? why does it not 
pervade the mass of the glass ? —Sir D. Brewster, Because at the sur¬ 
face the particles have more freedom than within; and if the new com¬ 
pounds are larger than the glass itself, then they have power to expand. 


On the Rings of Polarized Light produced in specimens of Decom¬ 
posed Glass. By Sir David Brewster. 

Jn the course of a scries of experiments u On the Connexion be¬ 
tween the Absorption of Light and the Colours” of thin plates, pub¬ 
lished in the Phil. Trans. 1837, I accidentally observed under the 
polarizing microscope certain phenomena of polarized tints of great 
beauty and singularity. These lints were sometimes linear and 
sometimes circular, and in some .specimens they formed beautiful 
circular rings traversed by a black cross, resembling the phenomena of 
mineral crystals, or those produced by rapidly cooled circular plates or 
cylinders of glass. Having found in the decomposed glass from St. 
Andrews that the siliceous particles had resumed their position as re. 
gular crystals, and' arranged themselves circularly round the centre qf 
decomposition, I was led to suppose that this was the cause of the 
phenomenon, and that.the rings *ere the, effect of the double refrac¬ 
tion of the minute crystals. A few experiments, however, overturned 
this hypothesis, and I was soon satisfied, by a little further investiga¬ 
tion, that the ^phenomena arose wholly from the polarization of the 
transmitted light by refraction, the splendid colours being entirely 
those of thin plates, which were sometimes arranged so as to have the 
appearance of concentric rings. The structure by which these effects 
were produced, was compared by the author to a heap of very deep 
watch-glasses laid one above another. When the thin films were 
arranged longitudinally, and were inclined to the general surface of 
the plate, so as to transmit the rays obliquely, the light was still 
polarized, but only in one plane—namely, a plane perpendicular to 
L the plane of incidence. When a drop of roal'r or oil was introduced 
^between the films, the phenomena of polarization as well os of colour 
ltatantJy disappeared. (This uaper was illustrated by coloured 
<%ings.) 
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On the action of Nitric Acid on the Chlorates, Iodales, and Promotes 

of Potassa and Soda. By Prof. F. Penny. 

The present communication contains the details and results of some 
experiments undertaken with the view of obtaining additional confir¬ 
mation of the correctness of the author’s researches on equivalent 
numbers. In this ho has been disappointed, as the action is attended 
by circumstances which render it inapplicable to so delicate a purpose 
as the determination of equivalent numbers. The results, however, 
that he has obtained are new, and he considered them of sufficient 
interest to be worthy the attention of the Section. In order to examine 
the action of nitric acid upon chlorate of potassa, a known weight of 
the salt was mixed in a retort with a measured quantity of the acid, 
and the mixture heated on a sand' bath ; ad soon as it became warm, 
chlorine and oxygen were evolved in a state of mixture and not of 
combination, and the chlorate slowly disappeared. The solution was 
then evaporated to dryness, and the saline residue was found to be a 
mixture of hyperchlorate and nitrate of potassa, in the proportion of 
three eqnivolonts of the latter to one of the former. The author ex¬ 
presses the reaction that takes place as follows:— 

4(K-|-Cl-l-0) and 3(N-|-0 )=(K-|-Cl-|-0 ) and 3(K-|-N-!-0 ) and 

« o ,/i r 6 

Cl and p c 

a 13- 

The action of nitric acid on chlorate of potassa differs, then, from 
the action of sulphuric acid on the same salt. Willi nitric acid the 
salt is decomposed tranquilly, and the chlorine and oxygen liberated 
nncombined, whereas with sulphuric acid these gases are evolved in a 
state of combination, forming that dangerously explosive compound, 
chlorous acid. Nitric acid is therefore to bo preferred for the prepara¬ 
tion of hyper-chlorate of potassa, as with it the operation may be 
conducted without those violent detonations that are so apt to occur 
with sulphuric acid. The action of nitric acid on chlorate of soda is 
the same as upon chlorate <?,f potassa. The chlorine and oxygen 
set free are in a state of mixture, and every four atoms of chlorate 
yield three of nitrate and one of hyper-chlorate. The l\yper- 
chlorate of soda is a very soluble salt, and crystallizes in small 
rhombs. It is readily decomposed by heat, but is unacted upon by ' 
hydrochloric acid. It deliquesces by exposure to the air. The 
action of nitric acid on an iodate is very different from that on a 
chlorate, and is well illustrated in the case of iodate of potassa. 
When iodate of potassa is boiled for some time with a large excess. 
of nitric acid, it is decomposed into potassa and iodic acid, the 
potassa combines with its proportionate quantity* of nitric acid, 
forming the nitrate, and the iodic acid is deposited from the solution 
in minute, hard, and transparent crystals. If the acid solution of 
nitre, containing the iodic acid, be then evaporated, a reaction takes , 
place; the iodic acid decomposes half of the nitre, acts free its i 
nitric acid, and combines with the potassa, forming the bmiddatejjr 
This change is completed when the mixture is dry, ahd if the hehj 
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be then withdrawn a definite mixture of biniodate and nitrate is 
obtained. If the heat be continued, a still further change occurs, 
the iodic acid expels the whole of the nitric acid, which is evolved 
as nitrous acid, and oxygen and neutral iodate of potassa remain. 
By adding a fresh portion of nitric acid to this iodate, the same 
changes may be produced by a proper regulation of like temperature. 
By acting upon iodate of soda with nitric acid. Prof. Penny has obtain¬ 
ed a biniodate of soda, and by adding a considerable excess of 
of Iodic acid to a solution of iodate of soda he has found a teriodate 
of soda. Both of these salts are anhydrous. The biniodate of 
potassa contains one atom of water. He also finds that crystals of 
iodate of soda contain different quantities of water, according to 
the . strength of the solution from which they have deposited. From 
a hot and strong solution of this salt crystallzies in acicular tufts, 
and these crystals contain two atoms of water. If the solution be 
rather weak, long four-sided prisms are obtained, and these con¬ 
tain six atoms of water. If* a solution of iodate of soda be evapo¬ 
rated spontaneously, large irregular prisms deposit, and these con¬ 
tain ten atoms of water. They effloresce rapidly by exposure to 
the air, and lose in this way eight atoms of water. The action of 
nitric acid upon bromatCnOf potassa was next examined, and was 
found to differ remarkably from the actions of this acid on the 
chlorate and iodate. Neither hyper-bromate nor bibromate is pro¬ 
duced, but merely nitrate of potassa. The nitric acid sets free the 
whole of the bromic acid, and this, at the moment of its liberation 
is resolved into its elements, bromine and oxygen. In conclusion, 
the author remarks that the action of nitric acid on these three 
classes of salts affords a ready method of distinguishing them from 
one another. 


On the tests for Sulphuric Acid when thrown on tkc Persian. By R. 

D. Thomson, M. D. 

' S3 

The object of the author was to discuss the accuracy of the 
modes t>f testing sulphuric acid when employed for criminal pur¬ 
poses, Atui especially when thrown on the person. A case had 
lately occurred to him in practice, and which was brought before 
the last sessions of the Central Criminal Court, which proved that 
the mode of determining the presence of free acid by mere testing 
was by no means satisfactory. A woman in a fit of rage threw a 
quantity of oil of vitriol at the face of a cab-master in the neigh¬ 
bourhood of Euston Square, and before the unfortunate sufferer 
could wash off thfi acid two minutes had expired; the consequence 
was, loss of vision in the eye. The author st"ted, that having at¬ 
tentively considered this case, and made a series of experiments on 
the'eyes of dead animals, he hatj discovered that this kind of blind¬ 
ness perfectly curable, and he had accordingly proposed an 
operation for this puxpose in a paper read at the Medical Section. 
But besides having his face injured, the hat of the man was dis- 
. 3 N 
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coloured also by the acid. This article of dress was sent to the 
author, to determine the nature of the agent in this work of destruc¬ 
tion. The result of this experiment was, that the injured hat, as 
well as an uninjured one, contained sulphuric acid, as tested by 
nitrate of barytes, and a solution of the soluble matter of both states 
of this article of dress afforded an acid reaction. It was therefore 
necessary to adopt some method which would afford a discrimina¬ 
tory test between the free and combined acid ; the usual mode, 
viz. by boiling with carbonate of lead, and concluding, if any irrso^ 
luble sulphate of lead was formed, that the acid existed in a free 
state, was found to be totally fallacious, because carbonate of lead 
decomposes sulphate of soda, contrary to the opinion stated in 
works of medical jurisprudence. Besides, it was shown that many 
of the usually so called neutral sulphates exhibit, in reality, an acid 
reaction upon test-paper, as in the instances generally of sulphates 
of potash, iron, soda, barytes, and also in the cases of alum, &c.; 
and hence the excess of acid attached to these salts would be apt to 
act as free acid upon the barytes test. The author, therefore,, con¬ 
cludes, that the only demonstrative proof which chemistry affords 
is a quantitative analysis. Thus he found the entire hat to contain 
•356 per cent, of sulphuric acid, probably in, the state of alum or 
copperas, and the injured hat 1.37S per cent.; or, in other words, 
the hat had received by the injury 1.033 per cent, of free sulphuric 
acid. Here there was afforded clear evidence of the nature of the 
agent employed to effect the injurious object, which could not have 
been conclusive if the matter examined had only amounted to a 
drop or stain. The author directed attention to a point connected 
with sulphuric acid in a medico-legal point of view, viz. that the oil 
of vitriol of commerce always contains, in this country, nitric acid, 
in addition to various other impurities. Barruel has stated, that 
sulphuric acid is capable of dissolving platinum. The author has 
not been able to satisfy himself that it dissolves any sensible quan¬ 
tity of gold-leaf. Barruel attributes the property, which he states 
it to possess, of dissolving platinum, to the sulphuric acid assuming 
the function^pf muriatic acid. But the author is not uware‘t>f any 
experiment which would authorize this conclusion. He is rather 
inclined to attribute the action, if such an occurrence takes place, 
to the muriatic acid which is present in all the oil of vitriol pre¬ 
pared from sulphur that he has examined. It is given out in 
sensible quantities when a solid oil, such as cocoa nut oil, is acted 
on by sulphuric acid. This he ascertained several years ago, when 
examining some Indian oils, and Dr. Kane has since corroborated 
the fact of the existence of muriatic acid in oil of vitriol, although 
the author has not been able to observe the solution of any sensible 
quantity of gold-leaf by the action of oil of vitriol per se ; yet if 
a few drops of muriatic acid be added, the action becomes very 
powerful, and by the application of heat platinum also is dissolved. 
These facts, therefore, prove that whenever we have oil of vitriol 
we may expect also nitric acid. The author added, that he knew 
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of no certain mode of detecting the presence of nitric acid save by 
the property which it possessed of dissolving gold and platinum by 
the addition of muriatic acid. Pure morphia has no action upon 
nitric acid. It is the resin which generally accompanies that alka¬ 
loid which produces the characteristic yellow colour. But the 
author found that preparations of opium in which the resin was 
excluded, afforded no colour when nitric acid was added. From 
an examination of numerous cases of poisoning by opium which 
had appeared before the Middlesex coroners, he had come to the 
conclusion that the resin-of-opium test for nitric acid, afforded only 
an auxiliary method of arriving at the truth, as its characters were 
frequently usurped by other organic substances. 

On the Resin of Sarcocofla. By Professor Johnston. 

The resin of carcocolla of commerce is separated by water into 
three portions: I. A gum (A) which docs not dissolve in water or 
alcohol, but which is in a great measure washed out by means of 
the former solvent. 2. A portion (B) insoluble in water, but solu¬ 
ble in alcohol, which is of a resinous aspect, and is represented by 
C IT O . The hydrate,.is C IT U -J-3HO when dried at 60°. 

40 32 14 * 40 32 14 

This portion B, is separated (elecomposed P) by bases into two or 
more organic compounds, the alcoholic solution giving with neutral 
acetate of lead a salt containing an organic constituent represented 

by C HO. Ammonia' throws down from the mixed solutions a 
40 23 18 

second salt of lead, the constitution of the organic constituent in 
which has not yet been determined. 3. The portion taken up by 
water from the crude sarcocolla, when evaporated to dryness, is 
separated by alcohol or ether into a soluble (C) and an insoluble 
portion (D). 4. The soluble portion C dried at 212, gave discor¬ 
dant results approaching to C H O , jhut when treated with bases 

40 32 IS 

gave salts containing organic constituents of a different constitution. 
A neutral acetate of lead thrOws down a salt represented by 
P60+C H O , and the subsequent addition of the neutral tru- 

40 28 15 

acetate a salt represented by 2PGO-j-C HO. 5. The portion 

40 32 18 

D, insoluble in alcohol, but soluble in water, consists of a gum and 
of a substance which is precipitated by neutral acetate of lead in 
curdy flocks. The investigation is still in progress, and the results 
are to he considered as open to correction. 

On Resins. By Professor Johnson. 

In this paper the author drew attention to the following facts, 
apparently established by a table of analytical results, which he 
exhibited, and had printed: — !. That the resins differ from each 
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ether in the quantity of oxygen they contain. 2. That those in 
which the atoms of oxygen is the same, the hydrogen may vary, 
and that this is another cause of difference in the properties of the 
resins. 8- That in all the resins hitherto carefully analyzed, the 
number of atoms of carbon is constant. 4. That the resins, as a 
natural family, may be represented by a general formula containing 
two variables. 5. That the known resins divide themselves into 
two groups, possessing unlike chemical and physical properties. 
That of one of these groups, colophony, may be considered as the 
type, and; that it is represented by C H -\-xO y; that gamboge, 

40 32— 

or dragon’s blood, may be considered as the type of the other 
group, which is represented by C II -\-xQy. 

40 24“ 

On a New Salt obtained from Iodine and Caustic Soda. By Prof. 

Fred. Penny. 

While examining the action of iodine on carbonate of soda, a 
salt was obtained, which crystallized in regular six-sided prisms, 
and which gave by analysis sodium, iodine, and oxygen, in propor¬ 
tions not corresponding to any known compound of these elements. 
The same salt was also prepared by saturating a solution of caustic 
soda with iodine, and allowing the solution to evaporate spontane¬ 
ously. At first, this salt was thought to be the same as that 
described by Mitscherlich in his elements of Chemistry, and to 
which hegives the following composition Nal-1-NaO, 10 -i-HO ; 

but the analysis geve very different results. Professor Penny gives 
the following characters of this salt:—It is white and inodorous, has 
a sharp, saline taste, crytallizes in short six-sided prisms, is soluble 
ifl cold and* hot water, and is decomposed by alcohol into iodkte of 
soda and iodide of sodium. It effloresces by exposure to the air, 
and is very readily decomposed by heat; water in abundance is 
first evolved, and then oxygen with a trace of iodine. Its solution 
is perfectly neutral to test papers,’gives a pale lemon .yellow preci¬ 
pitate with acitate of lead, yellowish white with nitrate of silver, 
and a fine bright yellow with pernitrate of mercury. It is not 
affected by solution of starch, but' instantly decomposed with the 
precipitation of iodine by nitric, sulphuric, acetic, and hydrochloric 
acids. The latter acid in excess converts it wholly into chloride of 
potassium. He detailed a remarkable circumstance attending the 
formation of this salt from iodine and caustic seda. When the 
solution is evaporated spontaneously, long prismatic crystals of 
iodate of soda deposit; but as the evaporation continues, these 
crystals are re-dissolved, and are replaced by those of the new 
salt. In one experiment this change was Very striking. The 
solution on Saturday night had deposited an abundance of'fine 
crystals of iodate of soda, but on Monday all these had disap¬ 
peared, and a crop of the new salt had crystallized. The 
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prior deposition of iodate of soda generally occurs in the pre¬ 
paration of this salt; and from other experiments of the author, it 
seems necessary that there should be excess of iodide of sodium 
present in the solution, and that the solution should be strong, in 
order that the salt may form. When this salt is dissolved in water, 
and the solution evaporated spontaneously, crystals of iodate of 
soda deposit, but very few of the new salt will form. The salt 
may also.be procured by pouring a saturated solution of iodide of 
sodium on crystals of iodate of soda, an l setting them aside for 
some days. The crystals will be dissolved and be replaced by 
crystals of the new salt. Prof. Penny then gave the details of his 
analysis of this salt, - and the following formula, as agreeing best 
with his results:—Na- I O -|-38 H O; or regarding it as a com- 

6 5 12 

pound of iodate and iodide, it may be thus represented:— 

3 Na 1*1-2 Na O I O -|-38 H O. According to this view, it is the 
s 

sesqui-iodide of iodate of soda. 

On the Mode of detecting Minute Portions of Arsenic. 

By Dr. Clark, of Aberdeen. 

This mode had been applied by the author to the detection of 
arsenic in commercial specimens of the metals tin and zinc. Grain 
tin, made in Cornwall, contains arsenic, which seems to be the 
occasion of the peculiar smell of the hydrogen evolved from that 
metal by the action of acids. All the specimens of commercial 
zinc that the author had happened to try were found to contain 
arsenic. Pure muriatic acid, diluted with distilled .acid, is poured 
upon the metal, and the hydrogen evolved is passed first through a 
solution of nitrate of lead, and next through a solution of nitrate of 
silver. Nitrate of lead seems not acted upon by arseniuretted 
hydrogen,—at least, when in very small proportion; but were any 
sulphur present in the metal, sulphuretted hydrogen would be 
evolved in consequence, and the solution of nitrate of lead would 
be blackened, which, however, the author did not observe ever to 
occur. But nitrate of silver seems immediately to be acted upon 
by most minute portions of arseniuretted hydrogen. A bluish black 
precipitate is formed, which, to judge from a qualitative analysis, 
appears to be an arseniuret of silver. This bluish black precipitate 
may be collected with remarkable facility, from its falling readily 
from the solution, which it leaves perfectly clear. Heated in a small 
tube, so that the matter heated comes into contact with the air, the 
bluish black precipitate evolves arsenious acid, which, by the liquid 
tests, way be further satisfactorily recognized. Antimony pro¬ 
duces a similar precipitate, so that the mere appearance of the 
, precipitate is not enough, without the production and recognition, 
by the usual methods, of the arsenious acid. By a few evident 
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modifications, this method may be applied to medico-legal inves¬ 
tigations. 

Dr. It. D. Thomson had found that the electrical method of Mr. 
E. Davy was inapplicable, in consequence of the deposition of a 
black matter from the zinc, which he had considered to be bitumen. 
Dr. Clark has, however, proved it to be arsenic. 

On a New Mode of estimating Nitrogen in Qrgavic Anctybis. By 

Professor Bunsen. 

The qualitative methods at present employed for the analysis of 
azotized bodies were shown to be defective, for it is impossible to 
employ these processes when the nitrogen and the carbon are in 
small proportion to each other. Prof Bunsen’s process consists in 
introducing the substance to be analyzed, after having mixed it 
with oxide of copper, into a glass tube. A few slips of metallic 
copper are then added, and the tube is fixed to Dobereiner’s appa¬ 
ratus lor producing hydrogen. This gas is conducted through it 
until all the atmospheric air is expelled, giving the tube a rotatory 
motion at the same time, in order to dislodge any air which might 
he retained between the particles of the oxide of copper. The tube 
is now hermetically scaled, and introduced into an iron vessel filled 
with gypsum. The gypsum must be still moist when the tube is 
introduced, in order that it may he firmly wedged. Thus prepared, 
it is introduced into the common oven used for organic analysis* 
and surrounded with red-hot coals. If the tube be of strong green 
glass it never bursts. When the combustion is completed, the tube 
is placed below a graduated glass receiver standing over mercury, 
and the point cut off. The gas which had a pressure of several 
atmospheres now rushes into the jar. The carbonic acid is ab¬ 
sorbed by a' ball of hydrated potash, v. hich is introduced into it, 
and the remaining gas must he nitrogen, for all the hydrogen must 
have been converted into water by the oxygen of the oxide of 
copper. The results obtained by this method agree with theory 
to the second and often to the third decimal place. v 


MISCELLANEOUS ARTICLES. 


On the Cultivation and Growth of Electrotypes. 

Without entering into the merits or demerits of the various modes 
of proceeding, which have been placed before the public, in the 
process of forming electrotype, I cannot help thinking that there 
are some theoretic points of very great importance, which remain 
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to the present moment, unexplained ; indeed, nearly untouched. 
Uut as all the processes of art are based on unvarying theoretical 
principles, and must consequently be prosecuted with much greater 
facility, and with better success, when guided by theoretical laws, 
than under other circumstances ; a brief view of the theoretical 
principles in the process of forming electrotypes may possibly he 
interesting to many readers of the f ‘ Annals.*' 

Whenever an electric current from a voltaic battery is made to 
traverse an aqueous solution of a metallic salt, sulphate of copper, 
for instance, a decomposition of the solution is accomplished, and 
the liberated particles of the metal assemble at the negative pole. 
And the oxygen and acid matter assemble at the positive pole ; ami 
the teuninal negative plate in the solution, has its surface, next to 
the p<Stive plate, soon covered with a coating of copper. If in¬ 
stead %f having two plates only in the solution, there were several, 
perfectly unconnected with each other, as is shown in fig. *, plate 
vi, every plate would become electro-polar, having a positive ami a 
negative surface, as indicated by the letters p n, p n, itc. The 
positive side of each plate would become oxidized, and the negative 
side would receive copper from the liquid : and the deposition of 
copper on the negative s^le of each plate would form a new com¬ 
pact plate of copper. And if jmy engraving weie on tile negative 
side of any of these plates, or on all of them, the new plates, (the 
electrotypes) would be complete pictures in relief, of the original 
engravings. When a single pait of iiu tals is used, and an engraved 
copper plate is one of them, and a piece of zinc the other, the 
deposition of copper, from the solution in which they arc placed, 
will be on the engraved copper plate. It was in this way that the 
electrotype was farmed, from which the print accompanying this 
number was taken. 

A wire was soldered to the back side of the engraved plate, ai.d 
another wire to a similar piece of zinc. The former, with its face 
upwards, was placed in a solution of sulphate of copper, ami the 
hatter in water in a porous paper tray above it. The two wires 
were tied together by a thin copper wire, which formed the voltaic 
circuit. The liquids were changed every il t hours. In five days 
the first crop was removed from the engraved plate. This first 
crop was then furnished With a wire and made to assume one side 
of a new voltaic pair, with a new zinc for the other metal. And 
by placing this new voltaic pair in similar liquids, and in the same 
manner, as in the first process ; a second crop of electrotype was 
formed on the face of the first one. This second crop, of course, 
is a fac simile of the original engraved plate ; and in six days be¬ 
came 4 ounces heavier than it. We have other plates growing at 
the Victoria Gallery, from which prints will be taken, and presented 

to the readers of the “ Annals.” 

% 
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Description of the Dial Plate of Professor Wheatstone's Electro* 

Magnetic Telegraph. 

Figure 6 of plate vii., is a front view of the dial plate of the 
telegraph, on which are placed twenty-five letters of the alphabet, 
and five indexes. The indexes are placed in a horizontal line on 
the letters L, M, N, O, P, one on each : and by means of magnetic 
needles placed on the same axis, behind the dial plate, and those 
needles placed within spiral conductors in the usual way, the in¬ 
dices can be deflected either towards the right or the left, according 
to the direction of the electric current which traverses the con¬ 
ductor. When only one needle is deflected, it indicates the letter 
on which it is placed. All the other letters are indicated by being 
pointed at by two needles. The letter F, is pointed at to two 
needles in the figure, and is consequently the letter indicM'd bv 
the telegraph. Other letters on the dial plate are pointed^ in a 
similar manner. 


On the remarkable diffusion of Coralline Animalcules from the use 
of Chalk in the, arts of life , as observed by Ehrcnberg .—An exami¬ 
nation of the finest powdered sorts of chalk which are used in trade, 
has afforded Prof. Ehrenberg the following'’result: that even in 
this finest condition, not merely the r 'inorganic part of the chalk is 
become separated, but that it remains mixed with a great number 
of well-preserved forms of the minute shells of coral animalcules. 
As powdered chalk is used for paper hangings. Prof. Ehrenberg 
also examined these, as well as the walls of his chamber which were 
simply washed with lime, and even a kind of glazed vellum paper 
called visiting cards, and obtained the very visible result—demon¬ 
strating the minuteness of division of independent organic life; 
that those walls and paper-hangings, and so, doubtless, all similar 
walls of rooms, houses, and churches, and even glazed visiting 
cards prepared in the above,mentioned manner, (of which cards, 
however, many are made with pure white lead without any addi¬ 
tion of chalk,) present, when magnified three hundred diameters, 
and penetrated with Canada balsam, a delicate mosaic of elegant 
coralline animalcules, invisible to the naked eye, but, if sufficiently 
magnified, more beautiful than any painting that covers them.—■. 
Annals of Natural History , p. 28(i, No. 24, for December, 1 f}3Q. 


Auroral belt of May 29,1S40.— About Oh. 20m. P. M. of Friday, 
May 20, 1840, a luminous bell,'spanning the heavens from east to 
west, was seen by several persons in this city. When fully formed, 
about 9b- 22m., its width was from 3° to 5°, being widest and most 
lnminous on the western portion ; its altitude, at the highest part, 
about 85° above the southern horizon. Its light was similar and 
equal to that of ordinary auroral streamers. The extremities of the 
belt were 10° or 20° above the horizon, but their position was not 
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particularly noted, and may have varied 10*? or more from the E. 
and W. points. The northern edge of the belt was well defined ; 
the southern was not very distinct. The belt slowly drifted south¬ 
ward, at the rate of about a degree per minute. At (flu. 30m., at 
which time the belt was brightest and most perfect, its northern 
edge was projected on A returns. Just before the belt reached this 
star, there was a slight be ndin g, concave to the north, in that part 
of the belt which lay not fafesst of the meridian. This occurred 
near that region of the heaves in which (at'this town) an auroral 
corona is manifested. The belt soon began to fade, and by 9h. 45m. 
was nearly extinct, but for ten minutes longer, a small remnant of 
it Wasyrisible in the southwest, which, just before it disappeared, 
passfegLto the south of ttegulus. The summit of the belt was, at 
vanii^Pg, about 10° south of Arcturus. This belt was apparently 
constituted in part of beams obliquely transverse to its length, but 
this character was on this occasion less conspicuous than has com¬ 
monly been noticed in other cases. During the whole time the sjty 
was obscured by haziness and partially by clouds. There was some 
auroral light about the northern horizon, but it had no visible con*, 
nectiou with the beK Soon after I Oh. this light increased exceed¬ 
ingly ; numerous streamers rojc to the altitude of 50°, and auroral 
waves flashed up nearly or quite to the coronal point 

This auroral belt was seen at New York city, and doubtless at 
many other places. If observations upon the position of the edge 
of the belt at given times were made at any considerable distance 
north or south of New Haven, we might have the means of finding 
approximately its height above tlic earjh. If any such observations 
were made, it is to be hoped that they will be given to the public. 

E. C. IJerkick., 


New Haven, Conncctrut. 


Lectures on Electricity, Magnetism, §c. 

LECTURE II. 

* 

Having, in the first lecture, given specimens of the electric, the 
magnetic, and the calorific classes of phenomena, I will now pro¬ 
ceed to offer to your notice a few other preliminaries which will he 
necessary to be understood before we can enter very far into the 
study of electricity. In the first place, then, I must present to 
your notice a very well established fact respecting a property of 
atmospheric air, which is applicable to all the gases, and also to 
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the electric matter. When the air within the receiver of an air- 
pump has become attenuated by the action of the pump, it still 
occupies the whole capacity of the receiver, and does not settle, as 
vvater would do, into the lower part of the receiver, so as to occupy 
that part only. Let us, for example, suppose that the receiver 
originally contained a quantity of air which we will call 100. If, 
now, by the action of the pump, 50 parts were to be withdrawn, 
the receiver would retain the other {Hearts only, or jurt one-half 
of the original quantity. But these oO remaining parts ot' the air 
would still occupy the whole cajwcity of the receiver. Suppose, 
now, that the pump is again set to work, and that it withdraws 
from the receiver just one-half of the 50 parts that were left by the 
first operation ; it is ensy to understand that since the hal^^f the 
50 p irts has left the receiver, there can be only 25 pal ts reaming. 
But these.25 parts, which are only a quarter of the original quan¬ 
tity, do not subsist in their original dimensions, and so occupy one 
quarter only of the receiver; nor do they subsist in one-half of the 
capacity of the receiver, in their dimensions previous to the last 
operation of the pump ; But absolutely fill the whole capacity of the 
receiver as decidedly as the 100 original parts filled it. And in 
the same manner the whole capacity of the receiver would be 
occupied by any remaining portion of air, even after that portion 
had become too small for the pump to affect it any longer. Now 
in all these cases, it is obvious that the air lias expanded by virtue 
of some inherent power with which it is naturally endued. This 
power is usually called repulsion : and it is admitted by .all philo¬ 
sophers that the particles of air have a natural inherent repulsive 
force, by means of which they are continually endeavouring to 
recede from one another. Hence it is that air becomes expansible 
to an amazing degree, and any portion of it may be made to occupy 
a space immensely greater than that which it occupies naturally at 
the surface of the earth. • 

On the other hand, any portion of the air at the earth’s surface 
may be condensed into a smaller and smaller compass than that 
which it naturally occupies. If, for instance, an inverted glass 
tumbler were to be held just over the surface of the water contained 
in' a glass jar, it would contain a certain quantity of air. which 
would occupy the whole capacity of the tumbler ; but if this 
tumbler with its contained air, were to be pressed down into 
the water, the air would no longer occupy the whole capacity, 
but would be compressed into a less space, and a portion of water 
would enter the lower part of the inverted vessel: and the deeper 
in the water the confined air was taken, the lc-s space would it 
occupy. This is a very decisive experiment, and the simplest I 
can think of for showing the compressibility* of air. A small piece 
of cork may be placed on the surface of the water beneath the 
tumbler, which will always indicate the height to which the water 
ascends inside, at different depths, and consequently show the 
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space occupied by the air. Having now become acquainted with 
these two tacts, the expansibility and the condensibility of air, we 
learn that air has the quality of being elastic. But it must not be 
forgotten that this quality of elasticity which air possesses is a mere 
consequence of the natural inherent repulsion of its particles. 

By keeping in view the consequences of the attribute of repul¬ 
sion which air«possesses, whilst contemplating electrical phenomena 
we shall be enabled to account for a great variety of facts which 
would otherwise appear inexplicable. The electric matter, or, the 
electric fluid, 9s it is more frequently called, is much more highly 
elastic than common air, and therefore can be condensed and atte¬ 
nuated by employing proper means to a very great extent; but its 
motions, when in the act of expanding, are performed with such an 
immffise degree of activity that, although several philosophers have 
attempted to ascertain its velocity, their efforts have hitherto been 
unavailing. 

Besides the quality of elasticity in common with air, and other 
kinds of gaseous matter, the electric flukt possesses others peculiar 
to itself. Its activity is superior to thaw»f any other known kind 
of matter: it enters into* the pores of the most compact solids, and 
is to be found in every kind oY tangible matter. It constitutes a 
portion of the atmosphere, and frequently accumulates to an 
amazing extent in the clouds, gradually increasing In density, till 
its elasticity becomes sufficiently great to enable it to burst from its 
aerial prison in a compact form, and exhibit itself in all the majesty 
and splendour of lightning. 

It is a remarkable fact that the motions of the electric fluid are 
much more facilitated by some classes of bodies than by others. 
The metals are considered to facilitate the progress o*> the electric 
fluid to a greater extent than any other class of bodies whatever 
But the metals themselves, as individual bodies, vary very consi¬ 
derably in the degree of facility which they respectively offer to 
the motions*of the electric fluid: copper offering the greatest faci¬ 
lity of any known body, and lead, or iron, perhaps, the least of 
any of the metals. But it would be impossible, in the present condi¬ 
tion of the science, to give a correct table of the various degrees of 
facility which different bodies offer to the motions of the electric 
fluid: for although much has been attempted to be done, and 
much jnore pretended to have been done, in determining so im¬ 
portant a particular in electricity, it is lamentable in the extreme to 
have to acknowledge that but very little has absolutely been accom¬ 
plished in this interesting inquiry. 

Those bodies which offer comparatively great facilities for the 
motion of the electric fluid, xre usually called conductors ; and those 
which offer the least facility, being supposed to present an absolute 
resistance to the motions of the fluid, have been called non-conduc¬ 
tors. Now, as the terms conductors and noH-conductors of electricity, 
are well known from their long use, and as I am not disposed to 
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attempt to supplant by others, any familiar technicalities, such aa 
these, which have been of considerable benefit in the promotion of 
the science, I can find no objections to place before my readers the 
following tables of what has been considered conductors and non¬ 
conductors of electricity, which I find in Mr. Singer’s excellent 
" Elements of Electricity” :— 


CONDUCTORS. 

All the known metals, 

Well burnt charcoal, 
Plumbago, 

Concentrated acids. 

Powdered charcoal, 

Diluted acids and saline fluids, 
Metallic pres, 

Animal fluids. 

Sea water, 

Spring water. 

River water, 

Ice and snow, ^ 

Living vegetables, 

Flame, 

Smoke, 

Steam, 

Most saline substances, 
Rarificd air, 

Vapour of alcohol and tether, 
Most earths and stones. 


NON-CONDUCTORS. 

ShelJ-lac, amber, resins, 

Sulphur, wax, jet, 

Glass, and all vitrifications ; talc, 
The diamond, and all transparent 
jems, 

Raw silk, bleached silk,dyed silk, 
Wool, hair feathers, * 

Dry paper, parchment, & leather 
Air, and all dry gases, 

Raked wood, dry vegetable sub* 

! stances, 

, Porcelain, dry marble, 

| Some silicicus and argillaceous 
j .stones, 

! Camphor, clastie gum, lycopo- 
diuip 

Native carbonate of barytes. 

Dry chalk, lime, phosphorous, 
Ice at — 13 C ‘ of Fahrenheit's 
thermometer 

Many transparent crystals, when 
perfectly dry. 

The ashes of animal and vegeta¬ 
ble substances, 

Oils, the heaviest appear the best. 
Dry metallic oxides. 


, Mr. Stephen Gray, a pensioner of the Charter House, was the 
first person to discover the conducting power of metals, and to 
ascertain the great difference, in this respect, between a metallic 
wire, and a cord of hemp, or silk. This discovery was made 
on the 3d of July, 1729, it was perfectly accidental, and occurred 
from the circumstance of substituting a metallic wire for the sus¬ 
pension of an electrized body, in lieu of a silken cord which had 
broken. Dr. Priestley, at the suggestion of Dr. Franklin, seems 
to have been the first philosopher who undertook a series of experi¬ 
ments, for the purposes of ascertaining the different degrees of con¬ 
ducting power possessed by different bodies. Several other philo¬ 
sophers have also paid considerable attention to this subject, 
though, as I have before stated, little more has been accompished 
than the ascertaining of a few general facts: for there still remains 
much difference in the*tables given by different authors. The 
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following table is taken from Cavallo’s “ CompleteTreatise of 
Electricity,” 2nd edition published in 1782:— 


CONDUCTORS. 

Gold, 

Silver, 

Copper, 

Brass, 

Iron, 

Tin, 

Quicksilver, 

Lead, 

Semi-metals, 

Animal and vegetable charcoal. 
The fluids of the human body, 
All fluids, excepting air and oils. 
The effluvia of flaming bodies. 
Ice,* 

Snow, 

Most saline substances, the best 
being metallic salte, * 

Soft stoney substances, 

Smoke, 

The vapours of hot water, * 
Highly attenuated air. 


Professor Cumming, in his tra 
nual of Electro-Dynamics,” giv 
ducting powers of metals— 
Silver, 

O Copper, 

Lead, 

Gold, 

Brass, zinc, 


NON-CONDUCTORS. 

Glass, and all vitrifications, even 
those of metals. 

All precious stones; the most 
transparent the best, 

All resins & resinous compounds, 
Amber, 

Sulphur, * ' 

Raked Wood, 

All bituminous substances. 

Wax, 

Silk, 

Cotton, 

All dry animal substances, as 
feathers, wool, hair, ike. 
Paper, 

White sugar, 

Sugar candy, 

Air, 

Oils, 

Calces of metals, 

The ashes of animal and vegeta¬ 
ble substances, 

All dry vegetable substances. 

All hard stones, the hardest the 
best. 

lslation of Demon Penyuid’s ts Ma- 
;s the following table of the con- 

Tin, 

Platina, 

Palladium, • 

Iron.t 


It would be useless to give any more tables of the conducting 
and non-conducting powers of different kinds of matter, as there 
are no two that agree in every particular. For my own part, I 
am of an opinion that all bodies are conductors more or less, metals 
being the best class of conductors, and vitrious and resinous sub¬ 
stances being about the worst Much, however, will depend upon 
the extent of the electric force employed, and, much again upon 
the length of the bodies upon which that force has to operate. 

When any body in a state of electrization is supported on a non- 

• According to Achard, ico conducts the electric fluid whilst it remains above 
a certain temperature, but is not a conductor below that temperature. 

+ In all these tablep, those bodies which are first in the list, arc considered the best of their 
kind; and the others take precedence of all those below them. 
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conductor, as by a glass stem, or suspended by silk or other non¬ 
conductor, it is said to be insy fated. There are many other tech¬ 
nicalities which I shall have to notice as I proceed, but it will not 
be necessary in this place to introduce any more than those already 
mentioned. 

The motions of light bodies by the action of sealing-wax, glass, 
&c., already noticed in the last lecture, are phenomena of a high 
interesting character, and are a portion of those which must neces¬ 
sarily be regarded as of an elementary character, independently of 
a knowledge of which no plausible hypothesis of electricity could 
possibly be formed: on which account it will be necessary to 
recur to them again, and to point out other experiments from 
which similar results may be obtained. But it must not be ex¬ 
pected that because the results, by various modes of experimenting, * 
are similar or of precisely the same character, that they should lie 
of precisely the same extent, or degree of power. The light ema¬ 
nating from two burning candles of different dimensions, may be, 
and generally is, of precisely the same character, but the intensity 
of the light, from the two sources, may be very different: or, we 
may say, the quantity of light proceeding from one of the candles 
is very different to the quantity of li^ht proceeding from the other. 
If similar reasoning be applied to the display of electrical pheno¬ 
mena, we may easily understand that, notwithstanding the identity 
of the character of the motions produceable from different sources 
of electric action, the quantity or intensity of those motions may be 
very different. And as some sources are sufficiently vigorous to 
put into motion bodies of a considerable magnitude, and others so 
exceedingly feeble as to require the employment of the most deli¬ 
cate apparatus for their detection, it will be necessary, before pro¬ 
ceeding to other experiments, t.o describe such instruments or 
pieces of apparatus as may be wanted for carrying on those expe¬ 
riments with which we ought to be made familiar as soon as 
possible. 

The instruments which are usually employed for the detection 
of feeble electric action, arc called electroscopes, of which we have 
several forms. The simplest electroscope, and one which may be 
frequently employed, is merely a single fibre of flax, silk, or any 
other such flexible article as will bend to slight electric forces. 
The fibre may be supported in any manner you please, so that it be 
permitted to hang freely in a vertical direction. , Fig. 4, plate vii., 
is an electroscope of this kind, where the fibre f is supported by, 
and hangs freely from, the wooden stem a. Having rubbed a stick 
of sealing wax against the sleeve of your coat, present it to the 
lower end of the suspended fibre, and you will see that it bends 
towards the scaling wax ; and if you bring them sufficiently near 
to each other, the fibre will adhere to the wax for some considera¬ 
ble time. In this experiment you have an electric attraction ex¬ 
hibited as decidedly as by the motions of the pieces of paper in the 
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former experiments: but if the fibre be not very dry and warm, 
you have not that jumping to and fro, as with the pieces of paper, 
for the fibre of the electroscope clings to the wax without leaving 
it, till the electric force is so far exhausted as to be no longer able 
to hold the fibre to the surface of the wax. The action will, in 
many instances, continue a long time, and by paying attention you 
may observe the fibre to change places on the surface of the wax, 
and this very frequently, if you accommodate the wax the motions 
of the fibre, hy moving the former so as to facilitate the motions of 
the latter. If, however, the fibre be very djty and somewhat warm, 
it will sometimes recede from the surfaces! the wax, in the same 
manner as the pieces of paper, and will lean towards the stem s, 
if very near to it, and even strike against it, ami after remaining 
attached to it a short time, will again return to the waz: and re¬ 
peat these motions several times, till the electric force is too far 
exhausted to produce them any longer. 

I will not detain you, in this place, with an explanation of the 
cause of the electroscope fibre continuing to be attached to the sur¬ 
face of the excited wax under some circumstances, and not under 
others ; because I am desirous of first making you acquainted 
with the structure and method* of using another simple electroscope, 
which will exhibit the principles upon which they are founded in 
better perfection, than by that made of a single fibre. 

Fig. 5,'plate vii, will represent the form of a very simple electro¬ 
scope which tnay be used to great advantage in some electric in¬ 
quiries. It consists of a glass stem fixed in a wooden foot, and a 
projecting horizontal brass wire arm, terminated with-a small brass 
ball. When the foot of this instrument is made of nicely turned 
and polished mahogany, and the brass arm and its ball well polished 
and lacquered, the instrument assumes a very pretty appearance. 
Over the farther end of the horizontal arm is hung a flaxen fibre, 
to each end of which is attached a very small ball of the pith of 
.the elder. As the glass stem ofthis instrument is a non-conductor, 
it is incapable of carrying off any of the electric action of the ho¬ 
rizontal arm, or of the fibres and their balls; and as the atmos¬ 
pheric air is also a non-conductor, all that part of the instrument 
which is supported by the glass stem is insulated. As, however, 
glass has $ great tendency to collect moisture on its surface, the 
stem of this instrument must be kept warm, and occasionally wiped 
with dry cloth to preserve insulation as far as possible. If the sur¬ 
face of the glass be covered with a good coating of lac-varnish, the 
insulation may be maintained for a long time without much trouble. 

Let us now again excite the stick of sealing wax, and afterwards 
present it to the upper side of the horizontal arm of the electro¬ 
scope, fig. 5. The pith balls will diverge from each other, as re¬ 
presented in the figure, before the wax comes into contact with the 
metallic arm* But if the wax be withdrawn without touching the 
metallic arm, (he balls will again colapse, and show no electric 
action. 
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Excite the was? again, and bring it into Contact with the arm of 
the electroscope, drawing its surface over the arm.. The pith balls 
will diverge as before, and will remain divergent, even when the 
way is withdrawn. And if the room, in which the experiment is 
made, be dry and warm, and the air perfectly still, the balls will 
remain divergent for a long time, even several hours? But in all 
cases the divergency will gradually lessen from the first moment 
that the excited sealing wax is withdrawn from the electroscope, and, 
eventually, the divergency entirely disappears. Precisely 1 the same 
kind of phenomena are displayed by the action of any excited body 
whatever, provided its electric Forces be sufficiently powerful. 

Hence you may employ excited glass, amber, sulphur, paper, 
&e., in your experiments with this instrument, and the pith balls 
will diverge with each excited body. Dry writing paper rubbed 
with indian-rubber, becomes highly electric ; and so does coarse 
brown paper when drawn quickly between the coat sleeve and a 
woollen table cloth ; or between the coat sleeve and the trousers. 
When the paper is.maile pretty warm before the friction is given to 
it, and the knuckle presented afterwards to its surface, a crackling 
noise will be heard, and sometimes sparks’will be seen between the 
knuckle and the papei. This experiment answers best during 
frosty weather. Similar phenomena may be produced by stroking 
the back of a cat. Puss often becomes uneasy by this treatment, 
and the hairs of her back and tail brush out in a very strange 
manner. 

I must now bring forward an experiment the results of which 
arc something different to any 1 have yet offered to your notice. 
Excite the sealing wax as before and draw it over the arm of the 
electroscope fig. d, and when taken away the balls will remain 
divergent. Again excite the wax, and again make it approach the 
arm, on the upper side, but without touching it, you will observe 
the balls separated further than before, but as you withdraw the 
wax again, the balls will fall to their former position.. The balls 
may be made to separate further from, ov approach nearer to, each 
other, for several tiroes, by alternately advancing the excited wax 
to the arm of the instrument, and withdrawing it from it. If, after 
the balls have been divergent by the first application of the wax, 
the latter be again excited and then presented towards the balls, 
you will observe them to recede from it: and with a little practise, 
you may deflect the balls from the wax in any direction you please. 


EnRAT*.—Pago 198, in the heading of article XXV. for“ Van Koliel!,'' read 
‘■Von Kfibell: and the same in the heading at the top rtf each left hand page* of 
that, article. Line fi of that uitielo, for “into” lend “on to.”—Page 11)9, line 
2, from bottom of page, for “ Poinerara," reyd “ Damara.” Santo page, first lino 
in the note, for end” read “ and.” In the article “ Electrotype,”in pages 237 
and 238, all that part which is below Mr. Cartwright’s letter in page 238, is to 
be read after the void “ engraving," at tbo end of the third paragraph, page 237. 
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Wo beg to observe before detailing the cases which,Jhave been 
brought, before us, that, we do not consider it to fall within the 
province of the present report to enter into the general ques¬ 
tion of the eilicacy of conductors in affording protection against 
the injurious effects of lightning, as this would lead to an 
investigation of the first principles of electrical action ; and 
the fact of their efficacy may be considered to be established 
beyond all doubt, by the experience of the last 80 years, and 
tholmanhuous opinions of scientific men of all countries. 

With reference to the first point to which their Lordships’ 
memorandum directed our attention, viz., “ Whether, in cases 
where ships iot having lightning conductors have been struck 
by lightning, it appears that other ships in company having 
conductors have not been struck, or have escaped injury ?” 
we beg'to adduce the following cases :— 

1. In 1815, II. M. S.„Norgb, was struck by lightning at 
Jamaica, and lost her maintop-mast and topgallant-mast, whilst 
the Warrior, 74, which was lying close to her, with her con¬ 
ductor up, received no injury, though the electric fluid was 
observed absolutely to stream dow n it. Amongst many other 
ships, which were in Port Royal Harbour at tile time, none 
received any damage but a merchant vessel, which, like , the 
Norge, had/uo conductor up. 

Vol. V.—-No. 25, July, 1840. A 
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2. In 1824, H. M. S. Milford, whilst in ordinary in 
Hamoaze, was struck by lightning, and the foremast and 
foretop-rnast (both very small spars, for the purpose only of 
making signals) were shattered; she had no conductor up. 
The Caledonia, of 120 guns, with her lower masts in, and 
her conductor up, was lying about 80 fathoms distant, and 
received no injury. 

3. In 1824, II.M.S. Phjeton was struck by lightning, and the 
foremast and foretop-mast were totally shivered. The Adven¬ 
turer was at anchor within a cable’s length, with her conductor 
up, and escaped without any damage, though supposed to 
have been struck more than once upon that occasion. 

4. In 1830, IT. M. S. /Ltna, when coming to, off Corfu, 
was struck by lightning, three heavy discharges descending 
by the conductor, and passing to the water without injuring 
the spars. The Madagascar and Mosquito, which ivcre in 
company at tin* time, and had no conductors up, were repeat¬ 
edly struck, and received considerable injury. 

5. In 1837, the Cochin tank-vessel, in Trincomalce Har¬ 
bour, was struck by lightning, and her foremast (without a 
topmast) was shivered, whilst II. M. S. Winchester, at the 
distance of two cables’ length, was uninjured, though the 
lightning was seen to pass down her conductor. 

G. In 1837, the Pelican, sloop-of-war, whilst on the coast 
of Africa, was struck by lightning on the foremast, and lost 
her topmast and topgallant-mast; the conductor was not up at 
the time. The. Waterwitch, at two cables’distance, had her 
conductor up, and escaped injury. 

T. In 1838, H.M.S. Ceylon, in Malta Harbour, was struck 
by lightning, and her pole, foretop-mast, and foremast were 
shivered ; she had no conductor up, and was lying close to the 
Talavera, Bellerophon, and Dock-yard Sheers, all*of which 
had conductors up at the time, and met with no injury. 

These cases have been fully authenticated. 

In addition to these instances of the decided protection 
afforded by conductors, and the disastrous consequences which 
have arisen from the want of them, we beg to call their Lord- 
ships’ attention to the case of the New York Packet. 

It, appears that on her passage to Liverpool, in 1827, this 
ship was struck by lightning and sustained considerable injury. 
The conductor was not up at the time; but the weather con¬ 
tinuing stormy, it was got, out and triced up to the mast head. 
The ship was a second time struck by a most severe stroke of 
electricity, which fused the chain, hut passed into the water 
without committing further damage. 

It -.would be easy to multiply instances of the local protec.- 
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tion afforded ]>y metallic bodies accidentally present in >,hips 
which have been struck by lightning, as well as cases in which 
single ships have escaped injury by means of a conductor; 
many such have been adduced in evidence before ns; but 
these cases apply rather to the general question of the advan¬ 
tage of conductors. 

Under this head of the Report, however, we may perhaps 
he allowed to state to their Lordships the result of our 
inquiries with regard to the common prejudice, that conductors 
have the power of attracting a flash of lightning, which in their 
absence would not have fallen on the ship in which they are 
fitted. 

The numerous cases of accidents to ships without conductors, 
and the comparatively rare occurrence of lightning having 
been noticed to strike on a conductor, would tend to negative 
such a supposition; and it may ho observed, that in several 
instances the electricity has been seen to strike down on the 
surface of the water at no great distance from a ship fitted with 
a conductor. This phenomenon occurred in Plymouth Sound, 
within a moderate distance of tlm Caledonia, whilst fitted 
with Mr. Harris’s conductors; and in the instances of the 
Milford, Cochin, and Ceylon, already mentioned, these ships 
with very short spars and no conductors, were struck by light¬ 
ning when within a few hundred feet of ships with considerably 
higher masts and conductors up; and in the instance of the 
Cochin tank-vessel alone was the electric fluid observed to 
descend on the conductor of the ship w hich was lying near her 
(tin,* Winchester), thus affording evidence, either of the little 
influence exerted by conductors in inducing or attracting an 
explosive discharge, or of their efficacy in harmlessly and im¬ 
perceptibly conveying the electricity to the water. 

As'the objection of the attractive power of conductors has 
been brought forward by the Surveyor of the Navy, as espe¬ 
cially applicable to those of Mr. Harris’s principle, it is right 
to state, in addition to the cases above-mentioned, that with 
regard to Mr. Harris’s, no facts have come under our know¬ 
ledge which would lead us to coincide in his opinion*; but. on 
the contrary, amongst the several ships fitted on Mr. Harris’s 
plan, which have for many year** past been employed in tro¬ 
pical climates, and were exposed, as stated by their com¬ 
manding officers, to very severe lightning, we have found great 
difficulty in obtaining direct evidence of their having boon 
struck at all; and in two or throe instances only has the fact 
been satisfactorily observed, and no case of injury has been 
recorded. 

Professors Faraday and Wheatstone have been consulted on 
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this point; and it is their unequivocal opinion that conductors 
possess no inherent property of attracting or inviting a dis¬ 
charge from a cloud at a distance. 

If there be a projecting object, like a mast, within a mode¬ 
rate distance of tjie point from which the discharge takes place, 
the electricity will descend by it, whether fitted with a con¬ 
ductor or not, as affording a line of less resistance than it 
would meet with from the non-conducting property of the air. 

44 The radius within which it has been considered that a con¬ 


ductor will determine or conduct the electricity is double its 
own length, provided the discharge takes place within that 
space, but it has no power to cause the dischargeon the 
contrary, “ at all times its tendency is to draw off the electri¬ 
city from the atmosphere, and thereby diminish the liability to 
an explosion.” 

In concluding our remarks on this first head of the inquiry, 
we beg to observe that every search has been made for cases 
of injury sustained by ships fitted with conductors, and though 
several statements to that effect have been brought under our 
notice, not one has been substantiated. 


And no instance; so far as we are aware of, has ever 
occurred of a ship sustaining injury when struck by lightning 
if the conductor was up to the mast-head, and the continuity 
uninterrupted to the water. 

With reference to the second head of the inquiry, namely:— 
What conductors have been used in ships, either of the Navy 
or in those belonging to private merchants ? we beg to state, 
that the conductors which have hitherto been used in the Navy, 
consist of a copper chain, composed of rods of about two feet 
in length, and *175, or about one-sixth of an inch in diameter, 
with an eye at each end. These bars are linked together by 
rings and the conductor terminates in a rod ef the same 
dimensions, which tapers to a point, and is made with a turn 
in it near the base, to receive the line to which it is attached 


throughout its whole length, for stopping to the topgallant 
backstay when triced to the mast-head. 

It should be observed that these conductors are not issued 


to every ship, but only supplied when demanded, and one 
only is allowed. 

A chain of similar form, composed of either copper or iron, 
is said to be used occasionally in merchant vessels, but we 
have had no opportunity of inspecting one. 

In the French Navy, a metallic rope composed of mixed 
met&l wire, is attached to the mast-head immediately under 
the truck, leads down to the top-gallant cross-trees, and 
thence by the topgallant backstay to the channel, and descends 
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into tlio water. A copper spindle of about three feet in length, 
tapering from an inch to a point, is screwed into the mast¬ 
head, nine inches of the upper end being hardened and gilded. 

This description was obtained by Mr. liiee, foreman of 
shipwrights, at Chatham Dockyard, from the otlieers of the 
French frigate Calypso, in 1832, when under repair. A piece 
of it was produced for our inspection, composed of three 
strands of eight wires each, and measuring one-cighth and a 
half inch in circumference. 

Mr. Harris’s conductors, which have been fitted for trial in 
the ships named below*, are composed of two plates of copper 
rivetted together, so as to form an clastic and continuous line 
of metal; the inner plate being one-sixteenth and the outer 
one-eighth of an inch in thickness, their breadth varying ac¬ 
cording to the class of the width of the plates which have 
hitherto been used, as they are considered to be unnecessarily 
large, and the subject will l^e discussed in the sequel. 

These plates are inserted in dovetailed grooves, in the after 
part of the masts, and extend from the truck to the keelson; 
a copper plate of the samq dimensions is led over the caps, 
and the continuity is preserved at all times by a tumbler on 
the cans, consisting of a short copper bar with a hinge at the 
base, by which it leans against the conductor of the topmast, 
whether Added or housed ; and their lordships will perceive by 
reference to the drawings which accompany the Appendix, 
that a stop is placed on the exterior by which the tumbler is 
prevented from falling backwards. 

Copper plates of equal dimensions to those oii^ the loiter 
masts are placed under the heels and steps of the masts, and 
are thence led along the keelson in contact with the copper 
fastenings. 

In* order to insure connexion with the copper sheathing, 
bolts are driven transversely through the keel, so as to meet 
those passing down from the keelson. 

Copper plates are likewise led along the underside of the 
beams of the lower and orlop decks to the principal copper 
fastenings, and ultimately terminate in the sheathing, thereby 
combining all the chief masses of metal in the hull and spars 
of a ship with the conductors, and affording by means of its 
ultimate connexion with the copper sheathing a vast surface 
in contact with the water for the dispersion of the electricity. 

With reference to the third head of the inquiry, namely: 
What the objections are to fhe conductors now in use? we beg 
to state, that the chief objections of a practical nature which 

* Action, Asia, Beagle, Belridcra, Blanche, Caledonia, Dryad, Druid, 
Forte, Revcnge,./Saphire, St. Vincent, Spartiatc. 
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have been urged against the common chain conductors, are 
that not being fixtures, they are seldom ready when required, 
are kept packed in a box, and usually stowed away in the 
store-rooms, and when thunder squalls arise suddenly and 
unexpectedly, as frequently occurs, especially in the tropics, 
the damage is done to the ship before they can be got out and 
triced up. At all times there is danger in tricing them up, 
as it is usually done when lightning is anticipated. 

In 1834, on board the Thunderer, the men had not left the 
conductor five seconds when the lightning descended with ex¬ 
treme violence ; and in one instance, on board a vessel in the 
mouth of tlie Mississippi, several men were struck dead at the 
moment of hoisting one up. 

In dark nights the difficulty of tricing them up properly is 
greatly enhanced, and in heavy weather, when much needed, 
it has been found impracticable to get them up at all. 

Their construction is very 'slmht, and the rings not being 
welded together, a trilling straitvbreaks them. 

In the event of a topmast or topgallant-mast being carried 
away the conductor is likely to be lost, and at any rate the 
ship is unprotected until it can be got in, and triced up to 
another mast. This case occurred to the Jupiter. 

As conductors, their capacity is not sufficient for the safe 
transmission of heavy discharges of electricity, and in several 
instances the metal has been fused or disjointed. This oc¬ 
curred to the Dublin and /Ktna. 

In short, v.e cannot but regard them as a temporary and 
inadequate expedient. 

By not being permanently fixed, the security of the ship is 
left to the opinion of the '•ommanding officer as to their utility 
at all, or necessity at the moment. 

They are not calculated to be applied in all weathers, are 
subject to all the casualties to which the ship’s rigging is ex¬ 
posed, and liable to lead to serious accidents by the end being 
brought in board, the continuity interrupted, or the end lifted 
out of the water. 

4. What the advantages or ’ disadvantages of Mr. Snow 
Harris’s conductors, as compared with others ? 

The advantages to be derived from the adoption of Mr. 
Harris’s plan are, the removal at once of all the objections aud 
liabilities to which the common chain conductor is exposed. 

A continuous line uf metal from the truck to the water is 
permanently fixed, and if it be found necessary to strike any 
of the masts, or one or more be carried away, a safe conductor 
will still remain. By its connexion with the detached masses 
of metal used in the fastenings of the hull, and its final junction 
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with the copper sheathing, the important advantages of great, 
electrical capacity are obtained, and of ready means under all 
circumstances, for the rapid diffusion of the electricity over a 
vast surface of metal in contact with the water. 

Professor Faraday stated to the committee, that it was his 
opinion that ” Mr. Harris’s conductors met every case that he 
could possibly conceive to occur, and offered no one disadvan¬ 
tage or objection whatever;” and Professor Wheatstone stated, 
that,’ he could see no objection whatever to Mr. Harris’s 
conductors in a scientific point of view.” 

A committee of the Royal Society, appointed in 1823, to 
consider the merits of these conductors, as well as Hr. 
Wollaston and Sir Humphry Davy, have stated their approval 
of the principle of Mr. Harris’s plan. 

W’itfi reference to the disadvantages of Mr. Harris’s con¬ 
ductors, we beg to state that all the objections which have 
been brought against them have, to our minds, been sufficiently 
removed by the evidence adduced before us; it will bo proper, 
however, to state tjjest;objections to their Lordships, W'ith the 
facts and opinions which Ikvjo influenced our conclusions. 

The objections may be divided under the following heads:— 

1. Those of a scientific nature, involving principles of elec¬ 
trical action. 

2. Those of a practical description, as tending to injure and 
weaken the spars. 

3. The indirect objection on account of expense. 

1st. Theoretical objections. 

First. That Mr. Harris’s conductors attract the,lightning. 

This applies equally to all conductors, and has been already 
refuted. • 

Secondly. That danger arises from the “lateral explosion.” 

Mr, Msfrtyn Roberts has objected to the conductors being- 
led through the body of the ship, on account of the dangers of 
lateral explosion, which he considers might set fire to the ship, 
or ignite the magazine. His hypothesis is, ’’that when a 
discharge of electricity passes along a conductor, visible sparks 
would be thrown off from the sides of the conductor to any 
metallic or other conducting body within a moderate distance, 
and be capable of ignite-g inffammable substances.” “ And 
that such lateral discharges would be in proportion to the 
capacity and proximity of tb" secondary conductors, with 
reference to the volume of electricity passing down the primary 
conductor.” 

Professor Faraday stated, that “he was not aware of any 
phenomenon called lateral dischage, which was not a diversion 
or division ofrthe primary current, and that all liabilities to 
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a diversion of the main charge would decrease in proportion 
to the capability and goodness of the primary conductor; that 
ill proportion as the number of the metal bolts are connected 
with the conductor would the probability of a lateral diversion 
diminish.” 

“ It was his opinion that a lateral discharge could not be 
obtained from Mr. Harris’s conductor, provided the continuity 
were not interrupted; and from the increased dimensions of 
the plates at the lower extremity, and the complete mode of 
connexion with the fastenings of the hull, the electricity would 
be so rapidly diffused that he doubted whether, with any 
intentional contriumee, the magazine could be ignited from 
the sides of the conductor. lie could not but appeal to the 
evidence of experience to prove the efficacy and safety of Mr. 
Harris’s plan; ships fitted with his conductors ha<? been 
exposed to severe lightning, and the electricity had been 
known to descend by them with perfect security to every thing 
on board; nor was there, so far as he could learn, any instance 
on record of lateral explosion.” 

Professor Wheatstone stated, with regard to lateral explosion, 
that “ all the cases with which he was acquainted were those 
of a partial diversion of the main current where the conductor 
was not of sufficient capacity of conduction, in which case a 
portion of the electricity distributes itself to any tolerably good 
conductor within a moderate distance. 

“This, however, had only been known to occur from a very 
small wire, and from a conductor of the dimensions proposed 
by* Mr. Harris, would be impossible, with such atmospheric 
discharges as we are aquainted with. 

“The liability to such lateral diversion would be diminished 
in proportion to the means of diffusion ; and considering the 
mode proposed by Mr. Harris for connecting tlffi principal 
fastenings, ik e., of the hull with the conductors, no danger need 
be anteipated from leading the electricity through the body 
of the ship or within a few feet of the magazine so long as 
the continuity was maintained.” 

Notwithstanding this evidence, Mr. Martyn Roberts sub¬ 
sequently communicated to the committee that he had made 
further experiments on a larger scale, which favoured his idea 
of the danger to be anticipated from lateral explosion.” 

Professor Wheatstone, was in consequence requested to 
attend to receive from Mr. Roberts himself an explanation of 
the experiments which he had instituted; and we beg to- 
subjoin the further opinion of Professor Wheatstone on the 
subject, which he communicated in writing. 

“ When the known conditions of a good lighting conduce 
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tor are fulfilled, it is physically impossible that it should 
occasion the least accident to the building or ship to which it 
is attached. When injury does occur to a ship provided with 
one, it is because this conductor is not sufficient to carry off 
the whole of the discharge; the ship is then only partially 
protected—damage is done; but this damage must be in all 
cases immeasurably below what would have been produced by 
the whole discharge, had it not found any conductor to trans¬ 
mit it to the water. The danger to be apprehended from the 
division of the discharge may be reduced to almost nothing 
by increasing the dimensions and conducting power of the bars 
or plates which transmit the electricity, and by keeping good 
conductors, not connected with it, out of its immediate 
vicinity. 

“ It has been proved beyond doubt that electricity follows 
the best conducting path which is open to it; aud that when 
it finds a metallic road sufficient to conduct it completely, it 
never flies to surrounding bodies greatly inferior in conducting 
power. . . 

“ The experiments of M. <le Romas, made in France, with 
the electrical kite, immediately after Franklin’s first attempt, 
might satisfy the most timid in this respect. 4 Imagine,’ 
writes he to the Abbe Nollet, 4 that you see sheets of fire, nine 
or ten feet long and an inch broad, which made as much or 
more noise than the reports of a pistol. In less than an hour 
I had certainly 30 sheets of these dimensions, without count¬ 
ing a thousand others of seven feet and under. Rut what 
gives me the greatest satisfaction in this new spectacle is, that 
the largest sheets were spontaneous, and notwithstanding the 
abundance of fire which formed them, they constantly fell ou 
the nearest conducting body. This constancy gave me so 
much ^security that I did notfear to excite this fire with my 
discharger, even w’hen the storm w r as violent; and when the 
glass branches of this instrument were only two feet long, I 
conducted wherever l pleased, without feeling the smallest 
shock in my hand, sheets of fire six or seven feet long, with 
the same facility as those of only six or seven inches. 

44 The wire of the kite w as insulated, and the sparks drawn 
by a metallic conductor held in* the hand by means of an 
insulating handle, and communicating with the ground by 
a chain. The human body is known not to be one of the 
w orst conductors; yet because it was two feet further than a 
far more perfect one, it received none of the discharge, even 
though the conducting path was an interrupted one. 

44 The phenomenon to which the name of lateral explosion 
has been generally given was the first observed by Ilenly, 
Vol. V. — No. 25, June , 1840. B 
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more than half a century ago, and has been subsequently 
experimented upon by Priestly, Cavalio, and more recently 
by Biot. 

“ I conceive it has no application to lightning conductors, 
but as it has been brought forward as an objection to Mr. 
Harris’s plan by Mr. Roberts, it may be necessary to say a 
few words respecting its real nature. 

“ It takes place during the discharge of an electric battery, 
that is at the moment of the union of the positive and negative 
electricities accumulated on the opposite coatings of the jars; 
no part of these accumulated electricities has anything to do 
with the effect, which arises solely from the induction of that 
small portion of electricity which remains free on one of the 
surfaces of the battery or the conducting bodies attached 
thereto. 

“ This is the explanation of the phenomenon given by the 
best authorities, and, as Riot observes, theory and experiment 
unite in demonstrating to us that it is incomparably less than 
the direct discharge. 

“ Even, therefore, were lightning conductors liable to this 
lateral discharge, it would be easy to prevent any material 
damage arising from this cause; but after attentively con¬ 
sidering the subject, and Mr. Roberts’s objections, I am still 
of opinion that, in the case of lightning conductors, the lateral 
discharges that sometimes occur and produce mischief, arise 
solely from the insufficiency of the conductor to carry off the 
whole of the electric fluid which enters, as I have above- 
stated, and the remedy to which is obvious.” 

The evidence of the officers who had served in II. M. ships 
fitted on Mr. Harris’s plan, and had witnessed the effects of 
lightning descending by the conductors, as well as the 
absence of any case, so far as Ve can learn, of lateral ^explo¬ 
sion, even from the common chain conductor of such inferior 
capacity, so fully bear out the opinions of Professors Faraday 
and Wheatstone, that wo do not hesitate to state our entire 
conviction of the futility of the objection on account of 
“ lateral discharge.” 

Thirdly. That Mr. Harris's conductors do not afford a 
continuous line of solid metal. This objection will embrace 
the ninth question in their lordship’s instructions, namely, 
** Whether the continuity can be preserved in all probable 
circumstances, and whether the danger is not increased in 
case of interruption of the cohduetor, or of its being of in¬ 
adequate dimensions ?” 

On this point again we beg to quote the opinions of Pro¬ 
fessors Faraday and Wheatstone. 
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Professor Faraday stated, that “ the conducting power of 
the plates would be but little diminished by the continuous 
solidity of the metal being interrupted, so long as the portions 
of the conductor remained in contact; that even supposing 
the tumblers on the caps were, through accident, to be open 
to the extent of half an inch or an inch, no injury would be 
caused to the surrounding woodwork by the electricity leaping 
from one point to the other; that rope, or any substance of 
small conducting capacity, if placed between the two points, 
would perhaps be destroyed, but the probability appeared so 
small of any accident occurring whereby the continuity could 
he interrupted, that he should not hesitate to say there would 
be no objection to Mr. Harris’s plan on that score.” 

Professor Wheatstone stated, “ he was of opinion that if 
the copper plates of which the conductors were composed 
were in mechanical contact, there would be no danger of an 
explosive discharge along the line of junction; and that their 
capability for carrying off the electricity would be so little 
* diminished by a slight interruption of the continuous solidity 
of the metal, that there could, be no objection to them on the 
ground of being formed of separate pieces of copper. 

“ That the continuity of the conductors appeared to be 
sufficiently provided for by the tumblers on the caps, and that 
no danger need be anticipated supposing they were opened 
by accident to the ^xtent of an inch or two, as the electricity 
would pass from one point to the other without damaging the 
' contiguous woodwork.” 

Their lordships will perceive by reference to the description 
and drawings of Mr. Harris’s' plan that every means have 
been adopted to ensure the preservation of the continuity 
under all possible circumstances, and in no case is an inter¬ 
ruption of !iny consequence likely to occur. 

Fourthly. The danger of accidents to men in contact with 
the conductors at the moment of the electricity dccending. 

No instance of any accident of the sort has been known to 
occur. 

On board H. M. S. Beagle, the lightning was seen to strike 
the conductor, and though it passed within eight inches of 
the purser’s head, who was asleep in his cabin at the time, ho 
experienced no ill effects, beyond being woke by the general 
concussion. 4 

Professor Faraday stated that he believed a man would 
receive no injury if lie were leaning against Mr. Harris’s con¬ 
ductor when the electricity descended, and that any opinion 
to the contrary must be only assumption. 

2. Objections of a practical description, as injuring and 
weakening the spars. 
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The surveyor of the navy and Mr. Edye stated that they 
were of opinion that Mr. Harris’s conductors injure the 
spars. 

Frist. That the nails by which they are fixed split the 
spars; and when the masts are strained by carrying sail, the 
wet might get into the splits on the weather side, and cause 
injury. 

Secondly. That the conductors weaken tire spars. 

In support of the opinion that the nails split the spars, the 
surveyor of the navy considered he was borne out by the 
report of survey on the Caledonia’s spars, from which Mr. 
II arris’s conductors had been stripped. 

The officers of Plymouth Dockyard state, in their report 
of the 15th June, 1839, that “if the conductors had 
been allowed to remain in the spars, there would not have 
been any objection to their re-issue to the ship or ships to 
which they belonged.” 

“ That if the conductors had not been removed from the 
topgallant-masts and flying jib-boom,. 4 the rents occasioned 
by the nails w ould not have beei? apparent,’ and the necessity 
for reducing the spars on account of the grooves made for the 
reception of the conductors would not have existed.” “ In 
several instances the injury done to the smaller spars may 
be attributable to the great number of nails used for fastening 
the conductors, and which rendered the ^ small spars of the 
Caledonia unserviceable.” 

We beg to observe, however, in this instance, that nails 
aye stated to have been used of two inches and a half in length 
to fix the copper plates, of only three-sixteenths of an inch, 
on a spar of six inches and a half in diameter. 

The foreman of the Mast Department at Plymouth states, 
that “ none of the spars of the Spartiate and Forte when 
returned into store were rendered unserviceable from the 
conductors, and in every instance the plates were as securely 
fixed as when first fitted in; that no injury from nail-holes 
would ever render a re-conversion of a spar necessary ; and 
that they would never be rendered inapplicable for other 
or inferior purposes, if the conductors were kept in.” 

The officers of the Portsmouth Dockyard state that “ they 
are not aware that any injury to the masts or spars was 
attributable to the application of Mr. Harris’s conductors.” 
Captain Fitzroy stated, that “in II. M. S. Beagle, when 
under his command, he had never found the spars split by the 
nails, and did not consider that they were likely to be 
weakened or injured by them, as the nails were flattened at 
the point, and passed between instead of cutting the fibres of 
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the wood; but allowing such to be the case, no wet could 
ever penetrate if the masts were kept properly greased.” 

Secondly. That the conductors weakened the spars, (which 
embraces the sixth question of their lordships’ instructions, 
namely, “ Whether the conductors of Mr. Snow Harris can 
be so fitted as not to weaken the spars iti which they are 
placed?”) 

Captain Fitzroy stated, that “ the copper plates appeared 
to strengthen rather than weaken the spars. In so small a 
vessel as a 10-gun brig, the Beagle, the spars were found to 
be improved rather than injured, and though exposed for five 
years to continued service, the same spars remained at the 
present moment in the Beagle, with the exception of the top¬ 
gallant-masts.” 

Commodore Pell stated, in proof that Mr. Harris’s conduc¬ 
tors were not injurious to the spars, that after four years' 
service the Forte was paid off with the same masts, top-masts, 
topgallant-masts and royal-masts. 

Captain the Hon. F. Grey, Commander Turner, Captain 
the Hon. W. Wellesley, and Commander Norcott, who had 
served in ships fitted with Mr. Harris’s plan, were also 
equally of opinion that the introduction of the copper plates 
tended rather to strengthen the spars. Experiments were 
made to ascertain the point in 1831, in Portsmouth Dock¬ 
yard, under the superintendence of Mr. Harris and Mr. Rice, 
in the presence of several distinguished officers, &c., by which 
it will bo seen that a spar (a jib-boom) was undoubtedly 
strengthened by the application of the plates, and nn certain 
positions increased in stability upwards of a sixth ; thus con¬ 
firming the opinions of the officers ‘above mentioned, who had 
testqd the fact by experience in actual service. 

Thirdljf. Objections on the score of expense. 

With reference to the fifth point of their lordships’ instruc¬ 
tions, namely, “ What the comparative expense is of different 
descriptions of lightning conductors ?” 

The accompanying Table shows the cost of Mr. Harris’s, 
and the common chain conductor for each class of II. M. 
ships.* 


* In tljis Tabic the expense of the common conductors is omitted, hut we 
have added this information from another table which we find in the Appen¬ 
dix.— Ed. M. M. 
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Class of Ships. 

Expense of 
fitting each Ship 
with Harris’s 
Conductors. 

Expense of 
common 
Conductors. 

No. of Guns. 

£. 

s. 

d. 

£. s. d. 

120 

365 

17 

8 

3 2 84 

84 

350 

15 

7 

3 1 3“ 

74 

317 

18 

6 

2 16 104 

50 

*286 

15 

10 

2 13 llj 

40 

236 

1 

7 

2 8 14 

28 

161 

18 

11 

1 19 8" 

18 

110 

7 

2 

l 19 8 

10 i 

t 

102 

12 

b* 

/ 

1 15 0 


From this account it is obvious that the adoption of Air. 
Harris’s plan would be accompanied with a very considerable 
increase of expense, but we propose to show in the sequel by 
what means certain reduction in their cost may be effected. 

We now beg to state, with reference,, to the tenth head of 
the inquiry, namely, “ Whether, any other mode of fixing 
lightning conductors does not possess the same or greater 
advantages than Air. Harris’s ?” That Air. Alartyn Roberts 
submitted to us a proposition for avoiding the dangers he 
considered likely to arise on the adoption of Air. Harris’s 
plan, from the alleged lateral explosion, by means of a rope 
composed of annealed copper wire, to be led from the truek 
down the afterpart of the masts to the lower mast-head, and 
thence as ^ backstay to the copper sheathing, to which it is to 
be soldered or brazed. This plan differed only from the con¬ 
ductor used in the French, navy in its mode of application. 

Air. Edye also submitted a plan for obviating the supposed 
objections to Air. Harris’s coiiductors from their passing 
through the hull of the vessel, consisting of Mr. Harris’s cop¬ 
per plates as far as the head of the topgallant-mast, (or if 
necessary to the top-mast head), and wire-rope back-stay on 
each side down to the copper sheathing. 

Before entering into the merits of these two plans of very 
similar construction, we cannot but remark on the circumstance 
that the chief objections urgcd’by Air. Edye and the surveyor of 
the navy against Air. Harris’s conductors equally apply to 
Mr. Edye’s proposition, namely, the injury to the small spars 
from the nails by which the copper plates are fixed, and the 
tendency of the conductors to attract lightning. 

Air. Edye, in his evidence, states, “he considers Mr. Harris’s 
plan would decidedly weaken the spars, and the nails unques¬ 
tionably injure by causing splits and admitting the wet, as 
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was fonnd in the case of the Caledonia;” while his own pro¬ 
position is to apply Mr. Harris’s plates to the royal-masts 
and topgallant-masts if thought necessary, these masts being 
the most liable to the injury lie so unquestionably states must, 
in his opinion, ensue. 

Professors Faraday and Wheatstone were shown the draw¬ 
ings and descriptions of these conductors. 

The former observed with regard to Mr. Edye’s, that 
“ there was no doubt that if they could be kept in their places 
under all circumstances, and the rope was of sufficient capa¬ 
city to carry off the electricity, they would be efficacious; but 
in his opinion, their liability to derangement was far greater, 
their capacity less ; nor were they in any one point equal to 
Mr. Harris’s ; and he should greatly prefer the latter.” 

Professor Wheatstone stated, that “ Mr. Edye’s plan of a 
conductor appeared to him to be liable to all the casualties to 
which the common chain conductor was exposed. If it could 
always be kept permanent, and the wire ropes were of suffi¬ 
cient capacity, there jvould be no doubt they could lead off 
the electricity; but their liability to accidents was an insuper¬ 
able objection. • 

“ Mr. Roberts’ plan appeared very similar to the metallic 
rope conductors used in the French navy, and was objection¬ 
able on the same grounds as Mr. Edye’s.” 

We entirely concur in the opinions of these gentlemen, and 
beg to observe that both Mr. Roberts’s and Mr. Edye’s plans 
appear to us to be equally subject to all the liabilities to which 
the rigging of a ship is exposed in common with the^hain con¬ 
ductor ; in the event of a topmast being carried away, the ship 
is left unprotected, and thus, in the hour of danger, they are 
liable to become useless. 

Tfie weight of the wire ropes in Mr. Edye’s plan would be 
a great objection, especially when it is considered that the 
whole of this weight rests on the head of the topgallant-mast 
alone. 

A wire rope, of three-fourths of an inch in diameter, from 
the topgallant-mast head (on each side) of a first rate and an 
18-gun brig, as compared with the weight of their hempen 
backstays, would be as follows,' namely: 

Hemp. Wire, 

First-rate: topgallant backstay... 246lbs. 3571bs. 

18-gun brig. 92 2C8 

And as it is necessary to provide conductors for each mast¬ 
head, and their capacity must be the same, whether in a first- 
rate or sloop-of-war, the comparative excess of weight would 
be still greater in the fore and mizen masts. 
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In carrying sail, especially in dry weather, when the rig-- 
ging is slack, the metal not being affected in the same degree 
as the hempen ropes, the strain w r ou!d probably be so great 
on the conductor, as to carry away the topgallant-mast, or the 
wire backstay. 

It has been proposed to place a globe of glass on the mast¬ 
head in lieu of a conductor, on the hypothesis that, from the 
non-conducting property of glass, it would serve as a repellant 
to lightning *, but Professor Faraday considered <c it would 
not be a preventive, but would rather tend to increase the 
liability to an explosive and to a more violent rather than to a 
silent discharge, and would therefore increase the danger.” 

Professor Wheatstone was of opinion that “ such a propo¬ 
sition was an absurd notion, and would be dangerous m the 
extreme, inducing, in many instances, an explosive discharge, 
where a conductor might have silently drawn off the electricity.” 

After maturely considering the several points now discussed,' 
and the evidence, both practical and theoretical, which has 
been submitted to us, we arc unanimously of opinion, that of 
all the plans of conductors which ,w e have fiad under our con¬ 
sideration, that proposed by Mr. Harris affords the best means 
of preventing the injurious effects of lightning. 

We now propose to show by what means the expense of 
fitting Mr. Harris’s conductors may be reduced. 

In considering this question, it will be necessary to divide 
it into three separate heads, namely : 

First, Dimensions of the plates of the conductors. 

.Secondly, Abbreviation of the conductors. 

And, 'jfWdly, The number required in each ship. 

First, in order to ascertain the feasibility and safety of 
reducing the size of the copper plates originally proposed by 
Mr. Harris, it is necessary to cifter into the question ot the 
requisite dimensions of metallic rods to insure protection 
against lightning. 

The capability or power of a metal rod for the safe trans¬ 
mission of electricity is in direct proportion to the area of sec¬ 
tion or its metallic contents. 

A copper rod, of half an inch in diameter, has never been 
known to be fused or heated *rcd hot by ail atmospheric dis¬ 
charge of electricity, and thus a standard of sufficiency is 
afforded with which all conductors may be compared. 

On consideration of this fact, and the rare occurrence of 
the common chain of one-sixth of an inch being fused, we were 
led to conclude that Mr. Harris’s plates were larger, especially 
in the lower masts, than experience seemed to require for the 
safe conduction of electrical discharges, and as their dimen- 



Mr. W. Snow Harris’s Lightning Conductors. 17 

sions varied in the different classes of ships, and it was appa¬ 
rent that whatever was requisite for one was necessary for all, 
without reference'to the size of the ship, we desired Mr. Rice 
to prepare a table of the comparative dimensions of Mr. 
Harris’s conductors on the scale originally fixed by him and 
that proposed by us, and Mr. Harris having expressed his en¬ 
tire acquiescence in the reductions, we beg to recommend the 
following scale of dimensions for the copper plates for the 
masts and spars of ships of all classes in the event of these 
conductors being used in future in II. M. Navy, namely:— 

luchi'sin twdlli. 


Lower masts and bowsprits . 4 

Topmasts and jib-booms .. 3 

Topgallant-masts, and flying jib-booms . 2i 

To taper from hounds to truck from . 2 tol£ 


The plates remaining of the same thickness in all, viz, -j^ths 
of an inch. 

These reductions will effect a commensurate diminution in 
the expense, and the* following account shews the cost of fitting 
each class of II. M. ships on the scale proposed; viz. 


i 

Total Expense 
of the 

Conductors. 

Value of copper as 
“ old copper,” when 
no longer serviceable 
as conductors. 

Actual Cost 
to the 

, Crown. 

• 

Fir^t-rates . 

£. ’ 

258 

• £. 

133 

£. 

125 

Second-Ates ... 

24G * 

127 

119 

Third-rates. 

230 

119 

111 

Fourth-rates ... 

214 

no 

101 

Fifth-rates . 

192 

99 

93 

Sixth-rates . 

151 

85 

(i(l 

Sloops . 

98 

47 

51 

Brigs . 

87 

M 

43 

44 


In order to remove any doubt as to the security with which 
these reductions may be effected, we beg to quote the following 
opinions. 

Professor Faraday stated* that “ he had no doubt the 
reductions of the copper plates proposed by the committee 
could be effected with entire security." 

Vol. V,—No. 25, July, 1840. 


C 
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Professor Wheatstone stated, that “ in the Report of the 
Committee of the Academy of Sciences of Paris, appointed 
to investigate the utility of lightning conductors, it is mentioned 
that there is no instance on record of un iron rod of half an 
inch in diameter being fused or made red-hot by a flash of 
lightning; and considering that the capacity of copper for the 
conduction of electricity was from six to eight times greater 
than that of iron, and that the area of the section of Mr. 
Harris’s conductors at the mast head was *1088, of a square 
inch, and in the lower masts *7500, whilst that of an half-inch 
rod was *1970, he felt convinced that they were perfectly safe.” 

Secondly. Abbreviation of the conductors. 

It appeared to us to be a question of great importance to 
consider, whether the time and expense of docking ships for 
the purpose of drawing the copper bolts to effect the metallic 
continuity with the keelson bolts and the copper sheathing 
might not be dispensed with in cases of emergency, when 
ships were required to be fitted out with expedition, and 
at the same time that they might possess the advantages of 
these permanent conductors. We therefore submitted to Pro¬ 
fessors Faraday and Wheatstone, whether sufficient security 
would be afforded against lightning if the conductors were 
led down no farther than the orlop-deck in line-of-battlc ships 
and frigates, and to the lower deck in sloops and brigs, and the 
metallic connexion with the copper sheathing maintained alone 
by the transverse copper bands leading under the beams. 

We beg to subjoin their opinions. 

• Profesvor Faraday stated, that “ he is of opinion there 
would be no objection to cutting off the lower portion of the 
conductors, say from tint lowest deck, provided that four, or 
even only three of the transverse copper bands leading*under 
the beams to the copper sheathing remained, as these would 
afford ample means for the dispersion of the electricity. 

“There would be no danger whatever from tho electric 
discharge being thus deflected at right angles from the perpendi¬ 
cular line, as it would always take the line of least resistance, 
and is totally independent of momentum.” 

Professor Wheatstone stated, that “ if, for the sake of 
economy, the conductors were carried no further than the 
lowest deck instead of to the keelson, he was of opinion that 
the transverse copper plates under the beams, if connected 
with the copper sheathing by conductors of sufficient capacity, 
would afford ample means for carrying off the electricity, and 
that there could be no objection to such au alteration, provided 
always the continuity could be equally well maintained.” 

The reduction in the expense of fitting the conductors on 
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this plan, as compared with the former account, is shewn in 
the following estimate, viz,:— 



To the 

To the 


Lower Deck. 

Keelson. 


Total Cost. 

Total Cost. 


£. 

£. 

First-rates ... 

229 

258 

Second-rates ... 

218 

246 

Third-rates. 

206 

230 

Fourth-rates . 

191 

214 

Fifth-rates . 

171 

192 

Sixth-rates . 

136 

151 

Sloops . 

88 

98 

Brigs . 

79 

87 


By this plan of abbreviating the conductors, a reduction of 
about ono-seveuth of the expense of lilting ships would be 
effected ; and as there appears to be no objection on scientific 
grounds, it inay be jesgrled to as a safe expedient in cases of 
emergency. But we still woydd beg to recommend that the 
copper plates be carried down to the keelson, in all ships 
which may be built or docked in future. 

Thirdly. The number of conductors required in each 
ship. 

The question of the necessity of having conductors fitted 
to each mast and the bowsprit depends upon the confidence 
to be placed in the supposition that a conductor protects 
within a radius of double its own length, a supposition whiqjh 
may be considered to stand in need of confirmation by further 
experience. • 

In stormy weather, when accidents are most likely to occur, 
a ship*may l*arry away a mast*, and if not fitted with a con¬ 
ductor to each, might possibly he exposed at a moment when 
protection was most needed. 

Professors Faraday and Wheatstone were of opinion, «that 
extreme cases should be provided for,” and we would therefore 
recommend that the three masts as well as the bowsprit should 
he always fitted with the conductors. 

While concluding our remarks on the mode of applying 
Mr. Harris’s conductors, we beg to state to their Lordships, 
that though it is our decided conviction that no danger is to be 
feared from the assumed lateral explosion, yet if it be deemed 
advisable, for the sake of Obviating any doubts which may 
still exist in the minds of some, we see no objection whatever 
to the copper plates on the fore-mast being placed on the fore 
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part of the mast, whereby the mast itself will intervene 
between the conductors and the magazine. 

Having now completed our remarks on the several points 
to which their Lordships’ instructions directed our attention, 
we trust we have shewn, from the evidence of facts derived 
from the experience of many years, as well as by the opinions 
not only of scientific, but professional, men, the efficacy of Mr. 
Harris’s lightning conductors; and considering the number of 
lives which have been lost by lightning ; the immense amount 
of property which has been destroyed, as shewn by Mr. 
Harris, and is still exposed without adequate protection ; the 
inconvenience vfhirh has arisen, and is still liable to arise, from 
the lo^.td fhc sen ices of ships at moments of great critical 
importance; the difficulty of procuring new spars in times of 
war oil foreign stations, (not to mention the great expense of 
wages and victuals for the crews of ships while rendered use¬ 
less till repaired; we again beg to state our unanimous 
opinion of the great advantages possessed by Mr. Harris’s 
conductors above every other plan, affording permanent 
security at all times, and under all eiicur.istanccs, against the 
injurious effects of lightning, effecting this protection without 
any nautical inconvenience or scientific objection whatever, 
and we therefore most earnestly recommend their general 
adoption in the Royal Navy, 

We have &e. (signed) 

A. M. Griffiths, Hear-Admiral. 

Jas. A. Gordon, Rear-Admiral. 

Jas. Clarke Ross, Captain. 

« i. J. F. Damkll, Professor of Chemistry. 

Jno. Fikciiam, Master Shipwright. 


II. yJ Letter to Professor Faraday, on certain Theoretical 
Opinions. By 11. Hark, M. I)., Professor of Chemistry 
in the University of Pennsylvania.* 

Dear Sir, 

1 have been indebted to yyur kindness for sc\ oral pamphlets 
comprising your researches in electricity, which I have perused 
with the greatest degree of interest. 

You must he too well aware of the height at which you 
stand, in the estimation of men of science, to doubt that 1 


* *. wimunicaleil by the Authov. 
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entertain with diffidence, any - opinion in opposition to yours. 

I may say of you as in a former instance of Berzelius, that 
you occupy an elevation inaccessible to unjustifiable criticism. 
Under these circumstances, 1 hope that I may, from you, 
experience the candor and kindness which were displayed by 
the great Swedish chemist in his reply to my strictures on his 
nomenclature. 

I am unable to reconcile the language which you hold in 
paragraph 1615, with the fundamental position taken in 1155. 
Agreeably to the latter, you believe ordinary induction to be 
the action of contiguous particles, consisting of a species of 
polarity, instead of being an action of either particles or 
masses at “ sensible distances .” Agreeably to the former, 
you conceive that “ assuming a perfect vacuum was to 
intervene in the course of the line of inductive action, it 
does not follow from this theory that the line of particles on 
opposite sides of such a vacuum would not act upon each 
other.” Again, supposing “ it possible for a positively elec¬ 
trified panicle to he in the centre of a vacuum an inch in 
diameter, nothing in my present view forbids that the particle 
should act at a distance of Iflalf an inch on all the particles 
forming the disk of the inner superficies of the bounding 
sphere.” 

Laying these quotations before you for reconsideration, I 
beg leave to impure how a positively excited particle, situated 
as above described, can react “ imluctrically” with any par- 
tides in the superficies of the surrounding sphere, if this 
species of reaction require that the particles between which it 
takes place be contiguous. Moreover if induction be not 
{C an action either of particles or masses At sensible distances,” 
how can a particle situated as abdve described, “ act at the 
distance of half an inch on qll the particles forming the disk 
of the inner superficies of the bounding sphere 1” What is a 
sensible distance, if half an inch is not ? 

How can the force thus exercised obey the “ well known 
law of tlie squares of the distances,” if as you state (1375) the 
rarefaction of the air does not alter the intensity of the induc¬ 
tive action ? In proportion as the air is rarefied, do- not its 
particles become more remote? 

Can the ponderable particles of a gas be deemed contiguous 
in the true sense of this word, under any circumstances? And 
it may be well here to observe, that admitting induction to 
arise from an affection of intervening ponderable atoms, it is 
difficult to conceive that the intensity of this affection will be 
inversely as their number as alleged by you. No such law holds 
good in the communication of neat. The air in contact with 
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a surface at a constant elevation of temperature, such for 
instance as might be supported by boiling water, would not 
become hotter by being rarefied, and consequently could not 
become more efficacious in the conduction of heat from the 
heated surface to a colder one in its vicinity. 

As soon as I commenced the perusal of your researches on 
this subject, it occurred to me that the passage of electricity 
through a vacuum, or a highly rarefied medium, as demon¬ 
strated by various experiments, and especially those of Davy, 
was inconsistent with the idea that ponderable matter could 
be a necessary agent in the process of electrical induction. I 
therefore inferred that your efforts would be primarily directed 
to a re-examination of that question. 

If induction, in acting through a vacuum, be propagated 
in right lines, may not the curvilinear direction which it pur¬ 
sues, when passing through “ dialectics,” be ascribed to the 
modifying influence which they exert ? 

If, as you concede, electrified particles on opposite sides of 
a vacuum can act upon each other, wherefore is the received 
theory of the mode in which the excited surface of a Leyden 
jar induces in the opposite surface, a contrary state, objec¬ 
tionable ? 

As the theory which you have proposed, gives great im¬ 
portance to the idea of polarity, I regret that you have not 
defined the meaning which you attach to this word. As you 
designate that to which you refer, as a “ species of polarity,” 
it is presumable that you have conceived of several kinds with 
which ponderable atoms may be endowed. I find it difficult to 
eoftceive Of any kind which may be capable of as many degrees 
of intensity as the known ^phenomena of electricity require; 
especially according to your opinion that the only difference 
between the fluid evolved by galvanic apparatus an<k that 
evolved by friction, is due to opposite extremes m quantity 
and intensity: the intensity of electrical excitement producible 
by the one, being almost infinitely greater than that which 
can be produced by the other. What state of the poles can 
constitute quantity—what other state of intensity, the same 
matter being capable of cither electricity, as is well known to 
be the fact? Would it not ]>e well to consider how, con¬ 
sistently with any conceivable polarization, and without the 
assistance of some imponderable matter, any great difference 
of intensity in inductive power, can bo created ? 

When by friction the surface i& polarized so that particles 
are brought into a state of constraint from which they endea¬ 
vor to return to their natural state, if nothing be superadded 
to them, it must be supposed that they have poles capable of 
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existing in two different positions. In one of these positions, 
dissimilar poles coinciding, are neutralized ; while in the other 
position, they are more remote, and consequently capable of 
acting upon other matter. 

But I am unable to imagine any change which can admit 
of gradations of intensity, increasing with remoteness. 1 can¬ 
not figure to myself any reaction which increase of distance 
ivould not lessen. Much less can I conceive that such 
extremes of intensity can be thus created, as those of which 
you consider the existence as demonstrated. It may be sug¬ 
gested that the change of polarity produced in particles by 
electrical inductions, may arise from the forced approximation 
of reciprocally repellent poles, so that the intensity of the in¬ 
ductive force, and of their effort to return to their previous 
situation, may be susceptible of the gradation which your 
electrical doctrines require. But could the existence of such 
a repellent force be consistent with the mutual cohesion which 
appears almost universally to be a property of ponderable 
particles ? I am irwate that, agreeably to the ingenious hy¬ 
pothesis of Mossotti, repulsion is an inherent property of the 
particles which we call ponderable ; but then he assumes the 
existence of an imponderable fluid to account, for cohesion ; 
and for the necessity of such a fluid to account for induction 
it is my ultimate object to contend. I would suggest that it 
can hardly be expedient to ascribe the phenomena of electri¬ 
city to the polarization of ponderable particles, unless it can 
be shewn that if admitted, it would be competent to produce 
all the known varieties of electric excitement, whether as* to 
its nature or energy. 

If I comprehend your theory, ttic opposite electrical state 
induced on one side of a cioated pane, when the other is 
directly electrified, arises from an affection of the intervening 
vitreous particles, by which a certain polar state caused on 
one side of the pane, induces an opposite state on the other 
side. Each vitreous particle having its poles severally in 
opposite states, they are arranged as magnetized iron filings 
in lines; so that alternately opposite poles are presented in 
such a manner that all of one kind are exposed at one surface, 
and all of the other kind at the other surface. Agreeably to 
this or any other imaginable view of the subject, I cannot 
avoid considering it inevitable that each particle must have at 
least two, poles. It. seems to me that the idea of polarity re¬ 
quires tnat there shall be in any body possessing it, two 
opposite poles. Hence you correctly allege that agreeably to 
your views it is impossible to charge a portion of matter with 
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one electric force without the other. (Seepar. 1177.) But 
if all this be true, how can there be a “ positively excited par¬ 
ticle?” ( See par. 1GK>.) Must not every particle be excited 
negatively, if it be excited positively ? Must it not have a 
negative, as well as a positive pole ? 

1 cannot agree with you in the idea that consistently with 
the theory which ascribes the phenomena of electricity to one 
fluid, there can ever be an isolated existence either of the 
positive or negative state. Agreeably to this theory, any ex¬ 
cited space, whether minus or plus, must have an adjoining 
space relatively in a different state. Between the phenomena 
of positive and negative excitement there will be no other 
distinction than that arising from the direction in which the 
fluid .will endeavor to move. If the excited space be positive, 
it must strive to flow outward; if negative, it will strive to 
flow inward. When sufficiently intense, the direction will be 
shewn by the greater length of the spark, when passing from 
a small ball to a large one. It is always longer when the 
small ball is posithe, and the large on6 negative, than when 
their positions are reversed.* 

But for any current it is no less necessary that the pressure 
should he on one side comparatively minus, than that on the 
other side, it should be comparatively plus; and this state of 
the forces must exist whether the current originates from a 
hiatus before, or from pressure behind. One current cannot 
differ essentially from another, however they may i>$ pro¬ 
duced. 

*ln paragraph 1330, I have been struck with the following 
query, “ What then is to ; separate the principle of these ex¬ 
tremes, perfect conduction anti perfect insulation, from each 
other; since the moment we leave the smallest^ degree of 
perfection at cither extremity, we involve the element of per¬ 
fection at the opposite ends?” Might not this query be made 
with as much reason in the case of motion and rest, between 
the extremes of which there is an infinity of gradations ? If 
we are not to confound motion with rest, because in proportion 
as the former is retarded, it differs less from the latter; 
wherefore should we confound insulation with conduction, 
because in proportion as the one is less efficient, it becomes 
less remote from the other? 

In any case of the intermixture of opposite qualities, may 
it not be said in the language which you employ “ the moment 
we leave the clement of perfection at one extremity, wc in- 


* See vol. 1. p. 489, of these Annals. 
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volve the element of perfection at the opposite.” Might it not 
be said of light and darkness, or of opaqueness and translu- 
ceney; in which case to resort to your language* again, it 
might be added ** especially as we have not in nature, a case 
of perfection at one extremity or the other.” But if there be 
not in nature, any two bodies of which one possesses the pro¬ 
perty of perfectly resisting the passage of electricity, while the 
other is endowed with the faculty of permitting its passage 
without any resistance ; does this affect the propriety of con¬ 
sidering the qualities of insulation and conduction in the 
abstract, as perfectly distinct, and inferring that so far as 
matter may be endowed with the one property, it must be 
wanting in the other ? 

Have you ever known electricity to pass through a pane 
of sound glass? My knowledge and experience create an 
iinprc&sion that a coated pane is never discharged through the 
glass unless it be cracked or perforated. That the property 
by which glass resists the passage of electricity, can be con¬ 
founded with that whigh enables a metallic wire to permit of 
its transfer, agreeably to WJieatstone’s experiments, with a 
velocity greater than that of the solar rays, is to my mind 
inconceivable. . * 

You infer that the residual charge of a battery arises from 
the partial penetration of the glass by the opposite excite¬ 
ments. But'if glass be penetrable by electricity why does it 
not pass through it without a fracture or perforation ? 

According to your doctrine, induction consists “iu a forced 
state of polarization iu contiguous rows of the particles of tjje 
glass” (1300); and since this is propagated from one side to 
the other, it must of course exist equally at all depths. Yet 
the partial penetration suggested by you, supposes a collateral 
affectibn of«the same kind, extending only to a limited depth. 
Is this consistent ? Is it not more reasonable to suppose that 
the air in the vicinity of the coating gradually relinquishes to 
it a portion of free electricity, conveyed into it by what you 
call “ convection ” The coating being equally in contact with 
the air and glass, it appears to me more easy to conceive that 
the air might be penetrated by the excitement, than the glass. 

In paragraph 1300, I observe the following statement: 
“ When a Leyden Jar is charged, the particles of the glass 
are forced into this polarized and constrained condition by 
the electricity of the charging apparatus. Discharge is the 
return of .the particles to thCir natural state, from their state 
of tension, whenever the two electric forces are allowed to he 
disposed of in some other direction.” As you have not pre¬ 
viously mentioned any particular direction in which the forces 
Vol. V—No. 25, July , 1840. D 



26 


4 Letter to Prof. Faraday. 

are exercised during the prevalence ctf this constrained con¬ 
dition, I am at a loss as to what meaning I am to attach to 
the words “ some other direction.” The word some, would 
lead to the idea that there was an uncertainty respecting the 
direction in which the forces might be disposed of; whereas 
it appears to me that the only direction in which they can 
operate, must be the opposite of that by which they have 
been induced. 

The electrified particles can only “ return to their natural 
state” by retracing the path by which they departed from it. 
I would suggest that for the words “ to he disposed of in some 
other direction it would be better to substitue the following, 
“ to compensate each other by an adequate communication 

Agreebly to the explanation of the phenomenon of coated 
electrics afforded in the paragraph above quoted (1300), by 
what process can it be conceived that the opposite polariza¬ 
tion of the surfaces can be neutralized by conduction through 
a metallic wire ? If I understand your hypothesis correctly, 
the process by which the polarization,of one of the vitreous 
surfaces in a pane produces an opposite polarization in the 
other, is precisely the same as that by which the electricity 
applied to one end of the wire extends itself to the other end. 

I cannot conceive how two processes severally producing 
results so diametrically opposite as insulation and conduction, 
can be the same. By the former, a derangement of the elec¬ 
tric equilibrium may be permanently sustained, while by the 
other, all derangement is counteracted with a rapidity almost 
infinite. But if the opposite charges are dependent upon a 
polarity induced in contiguous atoms of the glass, which 
endures so long as no communication ensues between the sur¬ 
faces ; by what conceivable process can a perfect conductor 
cause a discharge to take pliflce, with a velocity at 16ast as 
great as that of the solar light ? Is it conceivable that all the 
lines of “ contra-induction” or depolarization can concentrate 
themselves upon the wire from each surface so as to produce 
therein an intensity of polarization proportioned to the con¬ 
centration ; and that the opposite forces resulting from the 
polarization are thus reciprocally compensated? I must 
confess, such aconcentratioirof such forces or states, is to me 
difficult to reconcile with the conception that it is at all to be 
ascribed to the action of the rows of contiguous ponderable 
particles. 

Does not your hypothesis require that the metallic particles, 
at opposite ends of the wire, shall in the first instance be 
subjected to the same polarization as the excited particles of 
the glass; and that the opposite polarizations, transmitted to 
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some intervening point, should thus be mutually destroyed, 
the one by the other ? But if discharge involves a return to 
the same state in vitreous particles, the same must be true in 
those of the metallic wire. Wherefore then arc these dis¬ 
sipated, when the discharge is sufficiently powerful ? Their 
dissipation must take place either while they are in the state 
of being polarized, or in that of returning to their natural 
state. But if it happen when in the first mentioned state, 
the conductor must be destroyed before the opposite polariza¬ 
tion upon the surfaces can be neutralized by its intervention. 
But if not dissipated in the act of being polarized, is it reason¬ 
able to suppose that the metallic particles can be sundered by 
returning to their natural state of depolarization ? 

Supposing that ordinary electrical induction could be satis¬ 
factorily ascribed to the reaction of ponderable particles, it 
cannot, it seems to me, be pretended that magnetic and 
electro-magnetic induction is referable to this species of re¬ 
action. It will be admitted that the Faradian currents do not 
for their production require inter veiling ponderable atoms. 

From a note subjoined tp page 37 of your pamphlet, it 
appears that “ on the question of the existence of one or more 
imponderable fluids as the cause of electrical phenomena, it 
has not been you intention to decide.” I should be much 
gratified if any of the strictures in which I have been so bold 
as to indulge, should contribute to influence your ultimate 
decision. 

It appears to me that there has been an undue disposition 
to burden the matter, usually regarded as such, with more 
duties than it can perform. Although it is only with the pro¬ 
perties of matter that we have a diaect acquaintance, and the 
existence of matter rests upon a theoretic inference that since 
we perceive properties, thefe must be material particles to 
which those properties belong; yet there is no conviction 
which the mass of mankind entertain with more firmness than 
that of the existence of matter in that ponderable form, in 
which it is instinctively recognized by people of common 
sense. Not perceiving that this conviction can only be sup¬ 
ported as a theoretic deduction from our perception of the 
properties; there is a reluctance to «dmit the existence of 
other matter, which has not in its favor the same instinctive 
conception, although theoretically similar reasoning would 
apply. But if one kind of matter be admitted to exist 
because we perceive properties, the existence of which cannot 
be otherwise explained, are we not warranted, if we notice 
more properties than can reasonably be assigned to one kind 
of matter, to assume the existence of another kind of matter ? 
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Independently of the considerations which have heretofore 
led some philosophers to suppose that we are surrounded by 
an ocean of electric matter, which by its redundancy or defi¬ 
ciency, is capable of producing the phenomena of mechanical 
electricity, it has appeared to me inconceivable that the phe¬ 
nomena of galvanism and electro-magnetism, latterly brought 
into view, can be satisfactorily explained without supposing 
the agency of an intervening imponderable medium by whose 
subserviency the inductive influence of currents or magnets is 
propagated.* If in that wonderful reciprocal reaction between 
masses and particles, to which I have alluded, the polarization 
of condensed or accumulated portions of intervening impon¬ 
derable matter, can be brought in as a link to connect the 
otherwise imperfect chain of causes ; it would appear to me a 
most important instrument in lifting the curtain which at 
present hides from our intellectual vision, this highly impor¬ 
tant mechanism of nature. 

Having devised so many ingenious experiments tending to 
show that the received ideas of electrical induction are inade¬ 
quate to explain the phenomena without supposing a modify¬ 
ing influence in intervening ponderable matter, should there 
prove to be cases in which the results cannot be satisfactorily 
explained by ascribing to them ponerable particles, I hope 
that you may be induced to review the whole ground, in order 
to determine whether the part to he assigned to contiguous 
ponderable particles, be not secondary to that performed by 
the imponderable principles by which they arc surrounded. 

But if galvanic phenomena be due to ponderable matter, 
evidently'that matter must be in a state of combination. To 
what other cause than ay intense aflinity between it and tho 
metallic particles with which it is associated, can its confine¬ 
ment be ascribed consistently w'ith your estimate #f the*enor¬ 
mous quantity which exists in metals ? If “ a grain of water 
or a grain of zinc, contain as much of the electric fluid as 
would supply eight hundred thousand charges of a battery 
containing a coated surface of fifteen hundred square inches,” 
how intense must be the attraction by which this matter is 
confined ? In such eases, may not the material cause of elec- 


* This view is precisely that which we have given at page 270, vol. 1, of these 
Annals; and, consequently, in .Urict conformity with the theory of electro¬ 
magnetism and magnetic electricity, which we have there explained. We are 
glacl to find an acknowledgement of the principles of our theory from so eminent 
an experimental philosopher as Ur Hare; it gives ns some hopes that it will 
goon be more generally acknowledged as affording the simplest and most 
natural mode of explaining electro-magnetic and magnetic-electrical pheno¬ 
mena, that hat hitherto been offered to the notice of philosophers.— Edit. 
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tricity be considered as latent, agreeably to the suggestion of 
CErsted, the founder of electro-magnetism ? It is in combi¬ 
nation with matter, and only capable of producing the appro¬ 
priate effects of voltaic currents when in act of transfer from 
combination with one atom to another; this transfer being at 
once an effect and a cause of chemical decomposition, as you 
have demonstrated. 

If polarization, in any form, can be conceived to admit of 
the requisite gradations of intensity, which the phenomena 
seem to demand; would it not be more reasonable to suppose 
that it operates by means of an imponderable fluid existing 
throughout all space, however devoid of other matter ? May 
not an electric current, so called, be a progressive polariza¬ 
tion of rows of the electric particles, the polarity being pro¬ 
duced at one end and destroyed at the other incessantly, as I 
understood you to suggest in the ease of contiguous ponderable 
atoms. 

When the electric particles within different wires are polar¬ 
ized in the same tangential direction, the opposite poles being 
in proximity, there will be attraction. When the currents 
of polarization move oppositely, similar poles coinciding, there 
will be repulsion. The phenomena require that the mag¬ 
netized or polarized particles should be arranged as tangents 
to the circumference, not as radii to the axis. Moreover, the 
progressive movement must be propagated in spiral lines in 
order to aecouut for rotatory influence. 

Between a wire which is the mean of a galvanic discharge, 
arid another not making a part of a circuit, the electric matter 
which intervenes may, by undergoing a polarization, become 
the medium of producing a progressive polarization in the 
second wire moving in a direction opposite to that in the 
inducing ware; or in other ’words an electrical current of 
the species called Faradian may be generated. 

By progressive polarization in a wire, may not stationary 
polarization, or magnetism be created; and reciprocally by 
magnetic, polarity, may not progressive polarization be excited? 

Might not the difficulty, above suggested, of the incompc- 
tency of any imaginable polarization to produce all the varie¬ 
ties of electrical excitement which facts require for explanation, 
be surmounted by supposing intensity to result from an accu¬ 
mulation of free electric polarized particles, and quantity from 
a still greater accumulation of such particles, polarized in a 
latent state or in chemical combination ? 

There are, it would seem, many indications in favour of 
the idea that electric excitement may be due to a forced po¬ 
larity, but in endeavouring to define the state thus designated. 
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or to explain by means of it the diversities of electrical charges, 
currents and effects, I have always felt the incompetency of 
any hypothesis which I could imagine. How are we to ex¬ 
plain the insensibility of a gold leaf electroscope, to a galvan¬ 
ized wire, or the indifference of a magnetic needle to the most 
intensely electrified surfaces ? 

Possibly the Franklinian hypothesis may be combined with 
that above suggested, so that an electrical current may be 
constituted of an imponderable fluid in a state of polarization, 
the two electricities being the consequence of the position of 
the poles or their presentation. Positive electricity may be 
the result of an accumulation of electric particles, presenting 
poles of one kind; negative, from a like accumulation of the 
same matter with a presentation of the opposite poles, inducing 
of course an opposite polarity. The condensation of the elec¬ 
tric matter, within ponderable matter, may vary in obedience 
to a property aualagous to that which determines the capacity 
for heat, and the different influence of dialcctries upon the 
process of electrical induction may arise, from this source of 
variation. « 

With the highest esteem, I am yours truly, 

Hob but Hake. 


III .-—Description of a Kew Electro-tome. By 
1 homas WiiiGHT, Esq. In a Letter to the Editor. 

Sir, 

I have lately contrived a self-acting Electro-tome, an account 
of which"! send you herewith, in hope that you may think it 
worthy of insertion in yoyr valuable journal. 

I am, Sir, 

Yours respectfully, • • 

Thomas Wright. 

K nuts ford, 21th March, 1810. 

In fig. 1. pi. I, A is the end of an electro-magnetic coil, to 
which it is desired to apply the Electro-tome, Bis a block of wood 
morticedinto the foot-board of the machine, through which pass 
the small brass bars CI) and E F; at D is soldered a copper wire, 
which is bent round the end of the bar E F, so as to form a 
spring pressing on the same at G ; to the end of the spring at 
G is soldered a piece of tinned iron II, one inch broad and 
three inches long, bent in a IJ form as shewn at I. On the 
bar C D is a binding screw at 1)', and one end of the primal 
wire of the coil is soldered to E. 

To put the machine in action, one of the poles of a battery 
is screwed into D, and the other to the unattached end of the 
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primal wire; by this means the current passes along I) G E, 
through the coil, and out at L, magnetizing the core of iron 
wires in the coil, these immediately attract the piece of tinned 
iron II, and thus contact is broken at G with inconceivable 
rapidity: indeed, when the spring is bent close, and the mag¬ 
net is approximated very nearly to the wires, the motion of 
the break produces a continued loud hum ; the shocks how¬ 
ever are not so strong as when the magnet is further from the 
break, and more time thus allowed for the developement of 
magnetism in it. 

The electro-magnet which I employ is formed of a bundle 
of annealed iron wires, two feet long and about half an inch 
in diameter; over this is coiled forty yards of copper wire, 
1-lOthof an inch thick, (this is too thick when a small battery 
is intended to be used,) and over this, soldered to it, anti 
forming one continuous coil, are wrapped 100 yards of copper 
wire, 1-I5th of an inch thick; the battery connexions are 
made with the ends of the primal or thick wires; the shocks 
and decompositions are obtained from the whole length. 

The primal current of this magnet gives a strong shock 5 
(even with three square inches of zinc in the battery described 
hereafter;) the shock from the whole length is however intol¬ 
erable, when the ends of the wires are touched with small 
pieces of tinned iron held between the dry tips of the linger 
and thumb of each hand; and when the cylindrical conductors 
attached to the machine are held loosely with dry hands, a 
continued crackling is heard, as if the electric fluid was pass¬ 
ing through the thin space of air between the condurttors a» d 
the hands.* 

Mercury must not on any,account be used as part of the 
electrg-tome to the above evil, as the greater part of the 
secondary Current passes in the dense and vaporous spark, 
occasioned by the combustion of that metal. 

Instead of copper in the battery, I use common tea-chest lead, 
which I find to answer better. It is prepared by cutting strips 
of it in the form of a feather, so as to oiler a great number of 
points for the conduction of the electric fluid, these are then 
placed round the inside of ajar, and the ends turned over the 
rim, and bound in their places with a bright copper wire firmly 
twisted round them, to serve as negative- conductor. The 
zinc and diaphragms as in Daniels, the solutions as in Mullin’s 
batteries. 

1 

Since the receipt of this letter, we have been .favored with a sight of Mr. 
Wright’s very neat instrument, at the Royal Victoria Gallery of Practical 
Science, Manchester; and can testify as to its powers fully answering to the 
description.— -Edit. 
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IV —Description of a New Electro-magnetic Machine 
By Thomas Wrigiit, Esq. In a Letter to the Editor. 


Dear Sir, 

The following description of an Electro-magnetic Machine 
will, 1 hope, prove interesting to the readers of your 
“Annals.” * 


Knutsford, March 28, 1840. 


I am 

\ours respectfully, 

Thomas Wright. 


Fig. 2, gives a sectional view of the apparatus. It consists 
of two concentric cylinders of copper joined together at the 
bottofh; the inner one A encloses an electro-magnetic coil, 
the end of the bobbin appearing at the top. The dotted lines 
represent concentric cylinders of porous earthenware, with a 
cylinder of zinc between them. To the cylinder A is soldered 
a wire at B, bearing a U shaped piece of tinned iron at its 
extremity, and pressing with a slight spring against C, which 
is a bent brass bar in conjunction with one end of the primal 
coil. I) is the other end of the primal coil attached by a bind¬ 
ing screw to the zinc ; this is a modification of my self-acting 
electro-tome. The primal and thin coils are joined to form 
one coil: the end of the thin coil is attached to the binding 
screw on the bobbin at E. The shock is taken from thin 
spirals attached to G and E ; sparks, &c, from wires attached 
to C and D. ' 

Professor Henry has found that electric induction does not 
take, place (or very imperfectly) when a closed circuit is inter¬ 
posed between the primaland superimposed coils ; but I have 
not seen it remarked that magnetic induction follows the 
same law. r lhe following experiment however se«ms to shew 
that it docs:— 

Being desirous of getting rid of the oxidizing spark which 
takes place on the breaking of the battery cui rent, 1 joined 
the two brass bars of the electro-tome, described in my last 
letter with a fine iron wire two yards long,* in hopes that the 
secondary current, on account of its superior intensity, w'ould 
pass through it, though the battery current could not. This 
answered my expectation fully; the break continued to work 
as usual, and the spark disappeared entirely. [This experi¬ 
ment was performed in the dark.] 

♦lam afraid I sh»r. be thought pedantic if I call this wire the "dcuterodiV’ 
or “ path of the secondary *’ current, but as I hope to make it a source ol Utilny 
in another course of experiments, I have thought it advisable to give it a spe* 

name. 
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1 then took hold of the ends of the super-imposed coil, and 
was much surprised to find that it did not give the slightest 
shock, even when its extremities were placed in the mouth : 
thinking that the insulation must be imperfect, I disjoined the 
“ denterode,” the shocks were then as powerful as usual, but 
on joining it again they instantly ceased. 


V —Description of an Electro-magnetic Engine. _ 

By Mr. Uriah Clarke. In a Letter to the Editor. 

Sir, 

Enclosed I send you (for publication in the Annals, if you 
please,) a drawing and description of, as I think, an original 
mode of applying voltaic agency for the purpose of acquiring 
motive power.. Among the varied forms of rotatory move¬ 
ments, hitherto made public, I believe the general principle 
has been to apply the magnetic action in a lateral manner. 
This circumstance, together with the very limited sphere of 
action of even the most powerful magnets, has, perhaps, been 
the cause why large machines and small ones have been so 
disproportioned in their effects, that .the latter seem to furnish 
no data for calculating the power of the former. 

In the machine which I am about to describe to you, the 
magnet is made to act in a direct manner upon a reciprocating 
bar, which bar communicates its motion to a crank, just at the 
most favorable point, viz., when it (the crank) is nearly in a 
horizontal position, and wlften the bar is making a close ap¬ 
proach to the magnet; consequently, the most intense action 
of the magnet is applied to the crank in that part of its revo¬ 
lution where it is most effective. Now, a slight consideration 
of the*prino»ple of the crank Will shew the importance of this 
object, which is obtained by joining the reciprocating bar to 
the crank, by means of a chain, or other flexile communica¬ 
tion. (How far this principle may be applicable for maxim¬ 
izing the effect of a given power upon cranks generally, I leave 
with mechanics to determine — it is indispensab’e here.)—- 
When the crank has moved below the lurizontal position, the 
reciprocating bar falls upon a vest, which prevents any per¬ 
cussion taking place on the ends of the magnet. The bar 
remains upon the rest until the crank has made the lower 
part of its revolution, during which time contact with the bat¬ 
tery is broken, and the bar, of course, is disengaged from the 
magnet; it (the bar) is then lifted by the crank, as it passes 
over the centre, when battery communication being again 
made, another impulse is given. It will, no doubt, occur to 
Vol. V.—No. 25, June , 1840. K 
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you, that a number of magnets may be used with a succession 
of cranks. I trust that figure 3, plate 1, will be sufficiently 
intelligible. A is the chain communicating between the bar 
and crank. B is the reciprocating bar, and C is the electro¬ 
magnet. The break is here omitted to avoid confusion. I 
effect it by means of a small eccentric upon the shaft of the 
fly-wheel. 1 would observe, iu conclusion, that the above 
contrivance is not a mere embryo of the mind ; for I have now 
a working model in actual operation, which 1 invented nearly 
two years ago. It has been at work occasionally for the last 
eighteen months, and, as 1 have made no secret of it, it has 
been seen by a great number of professional gentlemen and 
scientific friends, amongst whom I take the liberty of naming 
a friend and correspondent of yours, Mr. James Mitchell, of 
this place. 

J am, Sir, 

Very respectfully yours, 

Uriah Clarke. 


Leicester, March 16th, 1S40. 


VI. — On the new Metal Latanium. m By James C. Booth 
AND CaMPHELL MoRHT. 

[From the Journal of the Franklin Institute ] 

A notice of the discovery of this element having already 
appeared in one of our Scientific Journals, it occurred to us 
that an account of some of our experiments with it might pre¬ 
sent a subject of sufficient interest to the readers of the 
Institute"'Journal, 

The name isdetived frem the Greek iW-Mjfi/', to lie hid;* 
it is called in Swedish and German, Lantan, but in Lnglish 
Latanium, for the sake of euphofiy and in accordance with the 
generally received termination of the names of the elements. 
The ordinary method of obtaining cerium by precipitation 
with the bisulphate of potassa, threw down a bi-salt of Lata¬ 
nium at the same time, the latter constituting two-fifths of 
the whole saline mass. The method of separating the two 
depends on the ready solubility of oxide of latanium in diluto 
acid after ignition, a property lost by cerium under the same 
circumstances. From its nitric, solution, it may be best 
thrown down as a white, chrystaline carbonate, by carbonate 
of ammonia, and from this its other compounds may be formed. 
The dry chloride heated with p'otassium was reduced to a 
grey metallic powder possessing a dark lead-color, and capa- 


* From its concealment hitherto in the* compounds of cerium. 
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ble of being flattened together by pressing. It is slowly con¬ 
verted into oxide in the air, and in cold water into a hydrated 
oxide with the evolution of hydrogen. An effervescence takes 
place in hot water. 

It has two isomeric states. The ordinary salts possess a 
faint reddish tinge, but when the yellowish red oxide is heated 
in hydrogen gas, it becomes white with a faint shade of green, 
and dissolves with more difficulty in acids, forming salts which 
possess a greenish hue. 

With bisulphate of potassa it forms a slowly soluble salt, 
which, however, does not precipitate like the corresponding 
salt of cerium, unless the latter be also present in the solu¬ 
tion. Its atomic weight is lower than that adopted for the 
oxide of cerium. 

The above notice is mainly extracted from Berzelius’ letter 
to Poggcndorff, published in Nos. 4 and 5 of Poggend. An¬ 
nals for the present year. Our experiments were as follows: 

Having prepared the sulphate of cerium and potassa by the 
ordinary methods fi;om.the mineral cerite, it was dissolved in 
a large quantity of boiling wyter, and the hydrated oxides of 
cerium and lataniiun precipitated by caustic potassa. These 
were dissolved in nitnc acid after being thoroughly w ashed, 
evaporated to dryness, and heated in a platinum crucible until 
all the nitric acid was expelled. The oxides remained of a 
light reddish brown color, and were transferred to a glass con¬ 
taining nitric acid diluted with (10 to 80 times as much water. 
After digesting about two hours in a gentle warmth, the 
latanium was dissolved and oxide of cerium remained of, a 
reddish-brown color. The solution treated with caustic po¬ 
tassa threw down the white hydrated oxide ot latanium, 
much more bulky and gelatinous in appearance than alumina. 
It is exceedingly difficult, if hot impossible, to wash it out 
thoroughly, for after edulc-oration for several days, the liquid 
passing through the filter still gave indications of a solid mat¬ 
ter, and almost led to the belief that the oxide was slightly 
soluble in water. 

On re-dissolving hydrated oxide in nitric acid, evaporating 
to dryness, and heating to redness, the dry oxide remained 
of a brick-red color, differing therefore from the oxide of ce¬ 
rium by a lighter hue, and by containing less of a brownish 
shade. On treating this oxide as before with very dilute 
nitric acid, a small portion of oxide of cerium remained, prov¬ 
ing that this mode of separating the two metals is not ac¬ 
curate, and that we must await further experiments for the 
discovery of a more perfect method. 

Carbonate of latanium, as thrown down hv carbonate 
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of soda, is a voluminous white precipitate, and, like the 
hydrated oxide, very difficult of edulcoration, for after obtain¬ 
ing the chloride from it, crystals of common salt were also 
visible. Agreeably to the observations of Mosander, there¬ 
fore, the carbonate of ammonia is the best precipitant. 

Sulphate of latanium is readily formed by the solution of 
the oxide, or carbonate, in dilute sulphuric acid, evaporation 
to a small bulk by heat and exposure to self-evaporation, while 
delicate needles of a flesh-red color collect in little groups on 
the bottom of the capsule. 

The chloride is similarly formed by means of chloro-hydvic 
acid and evaporation. It forms a light yellowish green erys- 
talinc mass, in which no determinate form was observed. 

The quantity of latanium in our possession was so small, 
amounting only to a few grains, that the operations w'ere ne¬ 
cessarily conducted slowly, and prevented our pursuing them 
quantitatively. Should we be enabled to obtain a larger 
amount, we may give more interesting results, without, how¬ 
ever, trespassing on the field legitimately belonging to the 
discoverer. 


VII .—Remarks on the Imperfect Elasticity of Glass Threads 
used in Torsion Instruments. By W. II. Goode, 
Chemical Assistant in the Laboratory of the University 
of the City of New York. 

[From the Journal of the Franklin In&titutc.] 

* « 

From the superior elasticity which glass enjoys over most 
substances, particularly the metals, threads of this material 
have replaced the metallic wires with which .the needles of 
torsion instruments were at first suspended. The late Dr. 
Ilitchie employed them in his improved torsion galvanometer, 
which emulates the torsion balance of Coulomb, for accuracy 
in measuring small forces. It is necessary, however, to the 
perfection of torsion instilments, that the elasticity of the 
thread of suspension, though a feeble, should be a constant 
force ; and also that the thread itself should suffer no altera¬ 
tion of its conditions by the ’amount of force exerted upon it. 
Perfectly elastic substances only, fulfil these requirements; on 
all imperfectly elastic bodies torsion acts irregularly, and im¬ 
presses a change upon them which prevents their return to 
their no/mal position, after it has been removed; such, for 
example, is the change effected in the conditions of metallic 
wires, filaments of silk, hair, &c., which, being imperfectly 
elastic, fail to return to zero when released from torsion. 
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The impression has become general that threads of glass, 
of a certain degree of tenuity, unlike the substances already 
mentioned, arc not permanently affected by force exerted on 
them ; but arc capable always of regaining their original po¬ 
sition ; their elasticity is therefore considered to be perfect,_ 

and measures effected with instruments to which they arc 
adjusted, rigidly accurate. Having observed that the needle 
of a galvanometer suspended by a glass thread did not return 
to zero, after the instrument had been employed in a series 
of observations, it became a subject of enquiry to ascertain 
the source of error. For this purpose, threads of different 
diameters were suspended, in a manner similar in all respects, 
to that of a torsion balance. Two small uprights were planed 
on opposite sides of the litlle glass needle, near its opposite 
ends, which served as obstacles to it when torsion was made, 
and prevented it from rotating along with the micrometer. 
On some point of the thread, another little glass needle, car¬ 
rying an upright arm, w as cemented. This arm served as an 
index for the thrcafl, and marked its position on a scale pasted 
on the opposite side of the,jar; it was observed through a 
small hole in a plate of metal, placed ten or fifteen inches 
distant;—an iinpiomlmethod of observing a vertical index 
introduced by Professor Draper. 

The thread being freely suspended, its index and that of 
the micrometer at their respective zeros, a torsion of three 
revolutions of the micrometer was exerted on the thread for 
five minutes ; when released from this force it did not resume 
its position at zero, but varied from it in the direction opposite 
to that in which the torsion had been made. If the micrometer 
be now kept at zero, it will be found that the thread partially 
recovers itself, after the lapse of several hours; the amount 
of error i 9 consequently diminished, but it never returns ac¬ 
curately to its original position. If instead of releasing the 
thread by returning the micrometer to zero, the thread be 
released from the obstacles, the same result will be obtained; 
in consequence of the impetus it requires in spinning round, 
this latter is probably the less accurate method of observa¬ 
tion. 

A variety of experiments Were performed with different 
threads, to ascertain if the alteration of the zero bore any 
constant relation to the amount of torsion employed. If such 
were the case, a system of compensation could be adopted 
which would free instruments fitted with glass threads from 
error. 

The result of the observations made with one thread are 
given, for convenience, in a tabular form; they are analogous 
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to those obtained with others; and indicate that the amount 
of the alteration of the zero, for the same threads, for different 
degrees of torsion, bears no constant proportion to the amount 
of force employed. 


Tabi.e I. 


jNo. of decrees 

1 of Torsion. 

1 

Error of 
Zero. 

Duration of 
Torsion. 

Thermometer 

1 

300 1 

2' 

5' 

70° 

2 

720' 

10' 

5' 

70° 

3 

1080' 

13 

5' 

70 5 

4 

_ 

1440 

20’ 

5' 

70° 

— -- _ 


The thermometer was carefully noted in these experiments, 
lest the temperature of the room should vary during the pro¬ 
secution of them ; for it is not known what influence changes 
of temperature may exert on the elasticity of glass. After a 
lapse of twelve hours the thread had lfot. 'returned to zero: 
another zero being assumed the following table of errors was 
obtained; 


Table 


II. 


I No. of decrees 

1 j of Torsion. 

Error. 

i Duration of 

i Torsion. 

1 

Thermometer 

i 

300 

2 

1 « r >' 

70 

2 

300 ’ 

3 ; 

5' 

70 ' 

3 

300 

3> e 

5' 

70 J 

4 

720 1 

G' 

! .V 

70 ' 

5 

1080 ' 

9" 

i' 5' 

To i 

0 

1440 ’ 

12 

i 5' 

70 


Thp thread was now- left freely suspended for two hours; 
another needle and index were then adjusted to it, parallel 
to the first, but at twice the distance of the first from the 
micrometer : two points of the thread could now be observed 
and the effect of torsion on rt double length noted. Up to 
1080 the error of its two indexes was the same in amount; 
for that degree of torsion, the farther index varied more from 
its zero than the nearer, and consequently required the 
micrometer to pass through a greater space to restore it to 
that point. For a torsion of 1440' the error of the more dis¬ 
tant index from the micrometer exceeded that of the nearer, 
three degrees. The tabular results are as follows; 
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No. of degrees 
of Torsion. 

Error. 

Duration of 
Toision. 

Tlieimometer 

1 

360° 

3" 

5' 

70 3 

2 

720' 


5' 

70" 

3 

1080' 

6° 

5' 

70' 

4 

1440’ 


5' 

70' 


* Upper Index o 3 . Lower one H ’. 


The result indicated in the last experiment of the preceding 
table, has been observed to take place repeatedly when high 
degrees of torsion have been employed and continued for a 
long period. It is probably due to slight inequalities in the 
diameter of the threads and to their being differently annealed 
in different portions of their length; force exerted on them 
would, under such circumstances produce more decided ef¬ 
fects on some portions than on others, and the effort made by 
the thread to recover itself would also occasion in different 
parts of it, different degrees of error. 

An inspection of t’hese tables will shew that the whole 
amount of error, for each series of observations, is decreas¬ 
ing ; in the first it amounted 20 ’, in the second to 12°, in 
the third to ti". It would therefore appear that a certain 
amount of torsion could be exerted on the thread for a cer¬ 
tain period, for which it would afford no error of the zero. 
One thread which has been operated with, exhibited tins 
effect of toree exerted on it, in a very marked manner ; for a 
torsion of two revolutions of the micrometer, its zero altered 
10', hut for four revolutions there was no alteration. It was 
broken in making another observation. 

For degrees of torsion less than that at which this effect 
takes place, the error of the zero will continue to exist; as it 
is observed, in the two last tables that tor one and two revo¬ 
lutions of the micrometer, the error is nearly constant. 

It has been shewn that a force amounting to one revolution 
of the micrometer exerted for five minutes, produced a per¬ 
manent deflection of the zero of*the thread, two degrees. An 
attempt was made to ascertain the influence of smaller degrees 
of force on the thread, exerted for a longer period. A torsion 
of 270 produced, in five minutes, a permanent deviation of the 
zero 1|°; 180 of torsion in the same period occasioned no error. 
A torsion of 90" continued for half an hour, produced an altera¬ 
tion of 2 ; for 45 of torsion continued one and a half hours, 
it altered 3 \ The permanent alteration of the zero of a glass 
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thread appears to be occasioned, either by a large amount of 
force exerted upon it, or by smaller forces acting for a com¬ 
paratively long period. The amount of this alteration is 
modified by a variety of circumstances; the diameter of the 
thread—the uniformity with which it cooled in being drawn— 
the amount of force to which it has been subjected, and its 
duration—combine in producing this effect; which, influenced 
by so many causes, must necessarily be variable in amount. 

It is not probable that any two threads will afford the same 
numerical value of their respective errors of zero, for the same 
force exerted on them. We cannot be certain that they are 
in precisely the same condition—that they are identical in 
composition, or that they are equally well annealed. Both, 
however, will fail to return to zero after a certain amount of 
torsion has been exerted on them, by a quantity which di¬ 
minishes for every series of observations; and which for a cer¬ 
tain amount of torsion, becomes nothing. 

The effect of this error of the zero on instruments con¬ 
structed for the purpose of measuring suialjl forces by torsion, 
is to cause the deviations of the*necdle, when the thread is 
newly suspended to he less than they ought to be, and less 
than they ever are afterwards; in each succeeding observation 
the force acting on the needle has to overcome not only the 
forces which keep it in equilibrio, but that also which deflects 
the thread from its zero; as this latter increases with the in¬ 
crease of torsion and with the time it occupies, the last deflec¬ 
tions of the needle are much less than the first of the same 
series. „ 

This kind of error will be found in every series of experi¬ 
ments, though it will vary in amount; but it will still bo 
sufficient if not corrected for, to vitiate results requiripg to 
be obtained accurately. In using torsion instruments, after 
each observation, the error of the zero ought to be ascer¬ 
tained and the due correction applied. But where it can be 
done, it is advisable first to ascertain the amount of torsion 
necessary in five minutes to cause an alteration of the zero; 
and then to ascertain the period of time wdiieh that amount of 
torsion intended to bo employed requires to produce the same 
effect, and not transcend these limits, by employing a greater 
amount of force on the thread, or using the instrument con¬ 
tinuously for a longer time than it will afford correct mea¬ 
sures. 
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VIII— On the Course of the Electrical Discharge, and on 
(he Effects of Lightning on certain Ships of the British 
Navy , J3y W. Snow Harris, Esq. F.U.S. 


In the instance I last quoted of damage to II.M.S. Rodney 
by lightning, it will be remembered that there was no regular 
metallic line through which the forces in action could become 
neutralized. The electrical agency had therefore to find for 
itself such a general course, as upon the whole opposed the 
least resistance to its progress; and it is evident that in tins 
case its path was determined on the general principles before 
laid down in see. 17. 

25. 1 shall now proceed to state a few cases of damage to 
certain other ships of the navy, where metallic bodies hap¬ 
pened to be so disposed about the rigging and hull, as to 
approximate in some measure to the conditions of experi¬ 
ment 2, sec. 18/' and consequently to that perfect state of 
defence against the expansive force of the electrical discharge 
in which a ship would become placed, hy perfecting the con¬ 
ducting power of the masts, and uniting them into one general 
continuous system with the metallic masses in the hull, and 
with the sea. 


These cases are particularly interesting, and conclusive of 
the general question of the protection to be afforded hy such 
a system. 


No. L.—In September 18311, TI.M. ship Hyacinth had both 
the fore and main-top masts and top-gallant masts destroyed 
hy lightning in the Indian Ocean. The electric lluid shivered 
these masts from the truck to the heel of the topmast, as in¬ 
dicated by the waving black line a b in fig. 4. pi. I. 
which * represents the effects on the main mast; at the 
point b , it became assisted by tile chain topsail sheet leading 
to the deck at c, and so did no further damage to the mast; 
at d it received further assistance from the copper pipe of 
Hcarlc’s patent pump, leading to a small well at c, and thence 
hy a second pipe through the ship’s side under water, and hy 
this passed safely into the sea-t 

26. Now it is evident here that a heavy discharge of light¬ 
ning which shivered completely a sloop of war’s main-top mast 
and top-gallant mast varying from 11 inches to a foot in dia- 


* Annals of Electricity, &e, Vol. Iv. p, 492. 

t These circumstances are minutely detailed by Cnpt. Blackwood, who com¬ 
manded the ship at the time, and may be seen in his interesting letter on the 
subject, in the Nautical Magazine, vol. viii., p lift. 

Vol. V.—No. 25, Julxj, 1840. V 
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meter through a length of at least 80 feet, was conducted 
without damage or fusion by an iron chain and a short copper 
pipe. It is therefore important to state the dimensions of 
these metallic bodies. Now the iron chain consisted of links 
2 } inches long, made of iron rod \ inch in diameter. It 
reached from the lower yard to the deck, a distance of about 
50 feet. 

The pump consisted of copper pipe 4 pounds to the square 
foot; it was 3 inches in diameter, and about the 7 r T th of an 
inch thick, extending through a distance of about 10 feet. 

The effects on the foremast were very similar, they are 
omitted therefore for the sake of brevity. 

27. It is not a little remarkable, that five years after this, 
in 1838, this same ship was again struck by lightning, whilst 
at anchor in Penang Pay, and again lost her main-top mast 
and top-gallant rnast in a similar way, the lower mast being 
preserved by her chain topsail sheets. 

28. No. 2.—In 1830, the Athol, of 28 guns, was struck by 
lightning on her foremast, in the Bight of Biaffra: at this 
time the topsails were lowered on the caps and the other sails 
furled, as shewed in fig. 5.' This ship had chains for 
hoisting the topsails which lay in* the direction of the 
topmast as indicated by the dotted line b c. She had 
also a chain for topsail sheets, which led along the lower masts 
as indicated by the line d e. When the electrical explosion 
fell on the truck it shivered the top-gallant mast in pieces so 
far as the commencement of the chain at l ; here being as¬ 
sisted by the chain, it passed on without any damage to the 
t6pmas?i, which is extremely worthy of remark, because in 
the former case, where there was no chain, the topmast was 
destroyed. 

Having reached the point c? where the chain, terminated, 
it passed with damage over the head of the mast, until again 
being assisted by the lower chain d e, it passed without da¬ 
mage to t he deck; on reaching the deck at <?, it passed by 
means of a bolt through a beam in the forecastle upon the 
chain cable, and thence into the sea.* 

29. These effects are similar to the former, and shew' the 
protection afforded by the chains, and their power of con¬ 
ducting heavy discharges of lightning without any of the ill 
consequences insisted on by Mr. Sturgeon; since in both cases 
the chains were in the vicinity of large metallic masses, viz. 
the iron hoops, iron-bound blocks, &e. about the masts, and 


* An interesting; and authentic account of this circumstance will he found 
in the Nautical Magazine, rol. viii., i». 114. 
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in both cases the lightning passed through the hull. Now as 
all the laws of nature arc general, not partial, it is reasonable 
to infer, that if Mr. Sturgeon’s view of a lateral explosion 
were true, it ought to apply in such papable eases as these, 
more especially when he says he can produce a lateral explo¬ 
sion at 50 feet distance with a jar of only “a quart of 
capacity.” 

30. No. 3_The effects of lightning on H.M.S. Snake, is 

another striking instance of the general laws we have been 
contending for. The phenomena are detailed with peculiar 
clearness by Capt. Milne in the March number of the Nautical 
Magazine. The electric fluid entered main truck, shivered 
royal mast, splintered top-gallant mast; then over chain main 
topsail tyc without damage to within 8 feet of the deck so far 
as the topsail halliards. 

Finding, as observed by Capt. Milne, an obstruction here 
in the ropes, it again seized on the mast, and became divided 
at the saddle of main boom; one portion passed out of quarter¬ 
deck port to the seq, the other to lower deck and down the 
mast, and distributed itself ever the hull, affecting persons 
below. The mast, on being examined at Halifax, was sprung 
about the partners 2 inches deep and 15 inches round, and 
was perfectly burst asunder at the sUp: hence the shock had 
extended to the heel, the electric matter, consequently, must 
have passed by the metallic bolts in the keelson to the sea. 

It is further stated, and it is a most important fad , that a 
seaman aloft on the cross trees , at the time, did not experience 
any sensation whatever. t 

31. No 4.—The Buzzard brigantine was struck by light¬ 
ning on the Coast of Africa, in February 1838, and lost her 
top-gqllant and topmast, under precisely the same circum¬ 
stances as xhose of the Hyacinth, the lower mast being pre¬ 
served by the chain topsail sheet*. 

32. No. 5.—The Fox revenue cutter was struck by light¬ 
ning in March 1818. The mast was furrowed and otherwise 
damaged in every part except where it was coppered ; as ap¬ 
pears by a minute made at the time by the master mast-maker 
at the Plymouth dock-yard. 

Now the copper usually placed about a cutter’s mast is not 
the T ‘ T nd part of an inch in thickness. In this case it re¬ 
mained perfect. 

33. No. 6_The spire of a church at Kingsbridge in Devon- 


* This case was given me by the commander Lieut. Fox. I myself on 
hoard the vessel on her arrival. The particulars are noted in her log. 
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shire was struck by lightning in June 1828, and fearfully 
damaged. This case is particularly worthy of notice. 

The lightning fell on an iron spill, «, b, fig 6. supporting the 
weather-cock, about 7 feet in length and 1 inch in diameter. 
On this it produced no visible effect, nor did any damage 
arise to the stone~icork about the rod. It was not until the 
rod ceased at the point b that the masonry was rent.* 

34. No. 7_Extract from a letter from Eieut. Sullivan, of 

Il.M.S. “ Beagle,” addressed to the Editor of the Annals of 
Electricity, &e. &c., relative to the protection afforded by a 
continuous conductor attached to the mast of Il.M.S. Beagle. 

“ Having considered your communication in the Annals of 
Electricity on marine lightning conductors, containing obser¬ 
vations on the stroke of lightning which fell on the masts of 
Il.M.S. Beagle, I think it fair, both to Mr. Harris and the 
naval service, to describe the phenomena I witnessed on that 
occasion; first stating, that at the time of my joining the 
Beagle in 1831, previously to her leaving England, 1 had no 
acquaintance with Mr. Harris, and certainly no bias in favour 
of the conductors with which the ship was fitted. I may 
therefore claim to be considered an impartial observer. 

<e At the time alluded to, l was first Lieutenant of the 
Beagle, and was attending to the duty on deck. She was at 
anchor off Moutc Video, in the llio de la Plata, a part of the 
world very often visited by severe lightning storms. Having 
been on board Il.M.S. Thetis at Rio Janeiro a few years 
before, when her foremast was entirely destroyed by lightning , 
my attention was always particularly directed to approaching 
electrical storms, and especially on the occasion alluded to, as 
tin* storm was unusually severe. The flashes succeeded each 
other in rapid succession, and w r ere gradually approaching ; 
and I was watching aloft for them when the ship* was appa¬ 
rently wrapt in a blaze of fire, accompanied by a simultaneous 
crash, which was equal if not superior to the shock I felt in 
the Thetis; one of the clouds by which we were enveloped 
had evidently burst upon the vessel, and as the mainmast 
appeared for the instant to be in a mass of fire, I felt certain 
that the lightning had passed down the conductor on that 
mast; the vessel was shaken by the shock, and an unusual 
tremulous motion could be distinctly felt. As soon as I bad 
recovered from the surprise of the momeut, I ran down below 
to state what I saw, and to see if the conductors below had 
been affected ; and just as I entefed the gun-room, the parser, 

* MS. letter with ;\ drawing, ci.tted July 11, 1828, from the Itev. CJ. F. 
Wise, late Vicar of Kingsbridge. 



45 


Mr. Harris, on Ships struck by Lightning. 

Mr. Rowlett, ran out of his cabin, (along the beam of which 
a main branch of the conductor passed) and said that he w as 
sine that the lightning had passed down the conductor, for at 
the moment of the shock he heard a sound like rushing water 
passing along the beam. Not the slightest ill consequence 
was experienced; and I cannot refrain from expressing my 
conviction, that had it not been for the conductor the results 
would have been of very serious moment. 

e{ This was not the only instance w hore w r e consider that 
the vessel had been saved from being damaged by lightning 
by Mr. Harris’s conductors; and 1 believe that in saying 1 
had the most perfect confidence in the protection which those 
conductors afforded us, I express the opinion of every officer 
and man in the ship. 

“ Not being sufficiently acquainted with electrical experi¬ 
ments, I cannot remark upon those you have adduced in sup¬ 
port of your opinions detrimental to Mr. Harris’s conductors. 

ts I can, therefore, only repeat my conviction that the Beagle 
was struck by lightning in the usual may, and certainly with¬ 
out any lateral explosion or other ill effects similar to those 
you iusist on in your Annals of Electricity.” 

35. Now these facts' are totally subversive of all Mr. Stur-*- 
geou has advanced concerning his destructive lateral explosion 
in the way of objection to the fixing conductors in ships’ masts, 
and prove in the most conclusive manner the protecting power 
of such conductors: his statement, therefore, that “ destruc¬ 
tive lateral discharges will always take place when the vicinal 
bodies are capacious and near the primitive con due tor oy, to 
any of its metallic appendages,” is clearly fallacious. 

3G. I is allowed by writers on inductive science, that we 
wander from the true path of philosophical inquiry, and take 
up that of assumption and conjecture, directly vve cease to 
verify our principles by an appeal to facts. In order to arrive 
at a general law of nature, it is requisite to examine carefully 
a great number of facts bearing directly oil the question at 
issue, and shew r , that the principle wo assume is common to 
them all; for if in any case the assumed principle is decidedly 
negatived, it is at least a powerful exception; and it may be 
sufficient to overturn our whole'theory. 

If such exceptions are numerous, any theory which cannot 
include them is decidedly untenable. 

It has been well observed by Abercrombie,* that in de¬ 
ducing a general principle, r ‘ when the deduction is made from 
a full examination of all the individual cases, and the general 


* On the Intellectual Poweis, 
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fact shewn to apply to them all, that is truth; when is it de¬ 
duced from a small number of observations and extended to 
others to which it does not apply, this is falsehood/' 

37. In applying these principles, we find Mr. Sturgeon’s 
assumed lateral explosion decidedly negatived in all the cases 
just cited, since we do not find any such occur in the passage 
of heavy discharges of lightning along the masts, &c.; we do 
not find, as asserted by him, any thing like electrical waves 
produced by the discharge through a conductor situated close 
to the magazine. Thus in the case of the Hyacinth, No. 1. 
the copper pump d e, fig. 1, was a conductor near the after 
magazine. Yet the electric shock, in passing down this and 
through the ship’s side, did not cause “ intense sparks tffnong 
the powder barrels, whose metallic linings and hoops recipro¬ 
cally interchange them.”* 

38. Again, we do not find in the passage of a dense explo¬ 
sion of lightning that the sailors are necessarily subjected to 
lateral discharge, since in the case of the Snake, it may be 
observed that a seaman aloft on the erogs-trees did not ex¬ 
perience any sensation whatever,, although the top-gallant mast 
was shivered, and a terrific shock darted from the heel of it 
to the chain topsail tye. Now if Mr. 'Sturgeon’s views were 
practically sound, this man ought to have been killed on the 
spot by a “ lateral discharge ,” as he says happened to a sea¬ 
man called Wilson in the case of the Rodney. 

39. Mr. Sturgeon, therefore, if he still adheres to his 
theory, is at last reduced to the necessity of supposing, that 
hi^late^l discharge may sometimes occur, and sometimes not, 
which is manifestly in the teeth of his own hypothesis. This 
instance just quoted of the little effect experienced by persons 
in the vicinity of heavy electrical discharges is by no m§ans a 
solitary one, as the following extract from a letter from Ad¬ 
miral Hawker, with which he favoured me relative to the 
damage done to the Mignomne, very fully shews :— 

“ The circumstances of the Mignomne being struck by 
lightning were these : she had been on shore, and was going 
to Port Royal, Jamaica, attended by the Desiree; we had a 
day I think the hottest I ever experienced in the West Indies, 
without a cloud. After sunsbt we observed clouds rising up 
from every part of the horizon with thunder and lightning. 
I ordered the topsails to be lowered in case of squalls, and we 
ran down towards Port Royal: about midnight the heavens 
seemed to be one continued flame, and soon after the main 
topmast was shattered into probably fifty pieces, scattering 
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the splinters in all directions; the mainmast was split down 
to the keelson, and a sulphurous smell came up from the hold, 
which occasioned some to cry out that the ship was on fire. 
Two mcu were killed in the main-top, being burnt black, and 
having some splinters sticking in them, and a man who was 
sleeping on the lower deck with his head on a bag (for the 
ship having been on the rocks for three days there were no 
hammocks) near the armourer’s bench was found dead, with 
one black speck in his side; another man sleeping by him 
was not hurt." 

40. The number of instances in which dense explosions of 
lightning have passed very near to persons without causing 
any serious injury to them is remarkable. 

Thus in the case of the Buzzard, No. 4, before mentioned; 
the explosion at the time of shivering the topmast passed so 
near to a seaman called Robert Purk, that it actually tore 
the shirt from his arm : he very kindly shewed me the shirt, 
and pointed out the place where lie was standing. Lieut. 
Fox, who commanded, this vessel, and who was good enough 
to send me an account of the, damage, &e. sustained, says, in 
allusion to this circumstance, “ The lightning took a strip 
out of the shirt about*two inches wide from the shoulder to 
the wrist without hurting him.” 

No. 9.—In the instance of the Hawk cutter, lately struck 
by lightning on the west coast of Erris, snd scarcely damaged, 
it appears that the electric matter in passing down the main 
hatchway passed between a man and a boy. Neither were 
hurt; the latter experienced a shock only. 11. also passed close 
to another man lying across a hammock about the same spot, 
who jumped up and thought his t neckhanderchief was ono 
fire ; the latter experienced a temporary effect only on his 
right *arm. * 

41. All these cases evidently show, that no damage occurs 
from a shock of lightning out of its direct path. It rnay, 
however, divide in the absence of any good conducting course, 
and branch out into a variety of other courses (as already 
observed) and seize either wholly or partially upon bodies 
which happen to lie in certain points, as clearly shown in all 
these cases, and in the partial fusion of the leaf-gold given in 
experiment 2,* of my last communication. 

We may also expect to find an expansive effect of greater 
or less force in the vicinity of a discharge of free electricity 
under the form of a dense spark, in a bad conducting interval; 
as observed by Dr. Priestley, “ the air being suddenly dis- 
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placed gives a eoncusvsion to all the bodies which happen to be 
near it.” 

42. It is clear therefore that in all cases where injury or 
death has occurred, as in those before given in the Mignoume, 
Rodney? &e., it has been the result of the passage of the elec¬ 
tric agency, either wholly or partially, through the animal 
body, and not from the result of any lateral explosion of elec¬ 
tricity, such as described by Mr. Sturgeon. If, as he says, 
such explosions in all eases of proximity to the primitive 
charge necessarily aiise, such proximity to the passage of a 
dense shock ol‘lightning would be in all cases fatal, which is 
e\ ideally not the case. 

Id. I have now to consider briefly a few instances of the 
power of metallic bodies to transmit heavy discharges of 
lightning. 

In the case above quoted of the Hyacinth, we observe?, as 
already remarked, that a flash of lightning which sintered the 
top-mast and top-gallant mast passed over a small iron chain 
and copper tube without fusing either. A similar result en¬ 
sued in the second instance of the Hyaci'hth being struck by 
lightning; also in the case of Ihc Athol and Buzzard, and 
Snake, and in a great variety of others, too numerous to detail 
here. 

In the ease of the. Fox, No. 5, it is seen that the shock of 
lightning which damaged the mast, was conducted without fu¬ 
sion or damage by slice t copper of-yiiid of an inch in thickness 
placed in the wake of the gaff. This is conclusive of the fal¬ 
lacy of Mr. Sturgeon's assertion, that any conductor applied 
to tlie must would, under the operation of lightning, be “ pro¬ 
bably peeled from the w ood.” 

In the case of the King Abridge spire, No. t>. The lightning 
which shivered the tower, fell on a cylindrical irop rod*of an 
iucli diameter without producing any effect on it. 

In the ease of the Rodney, the flash which set the top on 
fire and splintered the masts, was conducted by a short copper 
funnel for top-gallant rigging without fusion. 

In the case of the Reagle, No. 7, a shock of lightning passed 
down the conductors without producing any effect on them. 

No. 10 A house was struck;at Tenterden ; the lightning fell 
on an iron bar three-quarters of an inch square, but produced 
no effect on it.* 

No. 11. A stroke of lightning fell on Mr. West’s house, at 
Philadelphia, having a conductor terminating in a brass rod 
ten inches long and a quarter of an inch in diameter; only a 
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few indies of the point were melted, but no d-mingc occurred 
to the building. if 

No. 12. On the 19th of April, 1827, one of the large New 
York packets, whilst in the Gulf Stream, was assailed by Imo 
most awful strokes oflightning twice in the same dav. The 
first shock was productive of serious and dost motive* ('fleets. 
The second shock fell on a pointed conductor subsequently 
hoisted to the main-mast head. This conductor consisted of 
an iron chain, having links of a quarter of an inch thick and 
two feet in length, and turned into hooks at each end, con¬ 
nected by rings of the same thickness, and one inch annular 
diameter. This conductor was attached to an iron rod placed 
at the mast head, half an inch thick and lour leet long. The 
explosion fell in a concentrated form, and with an awful crash 
upon this rod. Although the small chain below was disjointed 
and some of the links fused, yet this pointed iron rod was only 
fused for a few inches The shin in the second case escaped 
danger. 

Now tle'sc are authenticated cases, and there are numerous 
others which 1 might abduce,, to shew how perfectly capacious 
and coat in nous conductois transmit shocks of lightning. 

44. No good instance can he adduced in which conductors of 
great capacity have been even moderately lu-ated by lightning. 

1 do not admit Mr. Sturgeon’s “on dil, ” respecting the con¬ 
ductor passing through the Nelson Monument in Kdinburgh. It 
is really no evidence whatever on a scientific question. “ It 
is said (observes Mr. Sturgeon) that the lightning rod passing 
through the Nelson Monument became so hot by lightning 
that it could not he touched by the hand by the first person 
who visited it afterwards. Allowing a few minutes to have 
elapsed between the Hash and the person entering the monu¬ 
ment, the probability would 1/b that the conductor had been 
made red-hot.” This is of the same, diameter with all Mr. 
Sturgeon’s data; it is generally surmise, the sheic without the 
reality; it just amounts to nothing. 

45. I am aware that it lias been also supposed that the great 
conductors of St. Paul’s church were heated by lightning, but 
it is ouly a supposition. The conductors were not examined 
before the lightning, which was-said to have fallen on them, 
occurred, so that wo cannot be certain that the observed ap¬ 
pearances were not originally present after the forging of them; 
it is, besides, very unlikely that a stroke of lightning should 
have fallen on this building, -capable of rendering bars of iron, 
six inches wide and one inch and a half thick, red-hot, without 
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destroying the thin copper covering the ball and cross on the 
dome of the building, and without the crash of the thunder 
having been heard over the whole city, no mention of which is 
made; when St. Bride’s steeple was struck, the latter was pe¬ 
culiarly remarkable. 

4G. There is another instance on record of the effects of 
lightning on an iron rod, in Port Royal, Jamaica, mentioned in 
the transactions of the Royal Society, the evidence of which 
seems very incomplete. Two men are said to have perished 
by lightning near the church wall: that is not improbable: 
but, on subsequently looking inside the wall, a bar of iron, an 
inch thick, and a foot in length, was found in many places 
wasted away to the size of a line wire. Now it does not appear 
that this bar was examined previously to the occurrence of the 
lightning; hence, we cannot infer that the wasting was pro¬ 
duced by the electric fluid; more especially as similar ap¬ 
pearances are not uncommon in bars of iron erected in church¬ 
yards in this country, and which have evidently resulted from 
oxidation and time. , 

47. Seeing then how much evidence we have from actual 
experience of the protective effect of regular conductors of the 
worst kind, and their power of transmitting dense explosions 
of lightning, wc may reasonably infer that a conductor of cop¬ 
per, equal to a rod of an inch diameter, and extending the 
whole length of the mast, would he proof against any dis¬ 
charge of lightning ever experienced, as, I think, is shewn by 
the cases in which ships fitted with my conductors have been 
struck by shocks of lightning without damage. 

48. Exceptions, however, have been taken by Mr. Sturgeon 
to the phenomena described by the officers avIio cither com¬ 
manded or were in the ships. Thus Captain Turner, in de¬ 
scribing the shock of lightning which fell on the Dryad frigate 
on the coast of Africa, says, that “ he saw the lightning on the 
conductor on the fore-mast, and saw it during another flash 
run down the mizen-mast; that all the men there heard a loud 
whizzing noise.” Captain Fitzroy and Lieut. Sullivan also 
mention similar phenomena. Now the exceptions taken are 
these, viz., that no noise is ever produced by electricity entering 
a conductor, and that we cannot produce a “ running light ” 
upon a conductor carrying an electrical charge. 

These exceptions, however, are rather captious objections to 
forms of expression, than to the facts themselves; it is easy to 
shew r from experience that luminous appearances arc often at¬ 
tendant on discharges of both natural and artificial electricity. 

Thus in the case of the JIaw r k, No. 9, the account states 
that “ the vessel was apparently enveloped in a flame of light- 
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ningwhilst, in the case of the Beagle, Lieut. Sullivan says, 
w on looking aloft, the ship was apparently in a blaze of fire.” 
In the case of the Snake, No. 3, the clectrie fluid is said to 
have descended with an instantaneous explosion of a vi\ id 
purple color. 

When ll.M.S. Norge was struck by lightning in Port Royal 
harbour, the electric fluid w as observed (to use Admiral Rodd’s 
expression) to “ absolutely stream dow r n a conductor attached 
to the mast of H.M.S. Warrior,” close by. 

Such phenomena are Resides remarkably close to the results 
of experiments: thus a heavy shock of electricity, passed over 
a metallic wire, in a partially exhausted receiver, will exhibit 
a transiently passing light oil its surface. 

49. The whizzing noise is quite in accordance with com¬ 

mon electrical effects. It invariably occurs when a good 
conductor receives and disarms an explosion by a pointed 
extremity. Mr. Sturgeon, however, asserts that “ no such 
noise is ever produced by th cjlnid entering a metallic con¬ 
ductor.” This is uteri* sophistry; let any one attempt to dis¬ 
charge a highly charged flattery l>v a» acutely pointed 
conductor. A great p$pt of the charge will immediately rush 
through or towards the point with a whizzing noise. Now 
the stratum of cloud may he either positively or negatively 
electrified, and whether the one or the other, it is clear that 
the rush of electricity from a charged surface toward a point, 
or from a point towards an undercharged surface (according 
to Franklin’s hypothesis) will be always attended by a whizzing 
noise. * <* 

50. The protection which continuous conductors would 
afford if well and efficiently applied to ships is, I think ap¬ 
parent in all the preceding rases, and when w'e consider that 
the masts are themselves conductors of electricity, and that by 
llicir position alone they determine the course of the discharge 
into the body of the hull, it becomes the more requisite to affix 
to them good conductors, which quickly disperse and reduce 
the electrical action to a state of quiescence. 

We have I think fair evidence of this in the trials hitherto 
made with the continuous fixed, conductors applied to certain 
ships of the British Navy. 

51. These ships have been exposed more or less in all points 
of the world. Lightning has not fallen upon them oftener 
than other vessels not so fittqd; and and when it has done so no 
damage has arisen in any way, or has any destructive lateral 
effect, such as that contended for by Mr. Sturgeon, taken place. 
His comparison, therefore, of the effects of lightning on the 
Rodney with the “ probable effects” (as he terms it) on my 
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conductors, although lie can find no instance of such probable 
effects, is therefore purely hypothetical. If Mr. Sturgeon has 
no good authenticated fact to oppose to the mass of evidence 
I have adduced, of what avail is any hypothetical or loose 
opinion he may find it convenient to advance ? 

52. Before concluding this communication, I cannot refrain 
from pointing out the apparent inconsistencies of his views on 
this point. Hating described my conductors as dangerous 
and objectionable in every possible way, as calculated to in¬ 
duce oblique Hashes of lightning to strike the ship to the 
destruction of the sailors’ lives, the sails, rigging, &e. &c., he 
says, sec. 221, on discovering that he could not conveniently 
apply his own rods above the top-mast head, “ as however 
every chance o f danger to the mm and every species of damage 
to the vessel ought strictly to be avoided , it still appears de¬ 
sirable to furnish the top-gallant rigging with conductors; and 
perhaps those which would give the least trouble to the men, 
would be strips of copper let into grooves of the masts accord¬ 
ing to the plan proposed by Mr. Han is Now, I think, it 
must be clear to igiy one, that if my system be so objectionable 
as he would have it believed, on the grounds above stated, it 
must be equally objectionable on the 'top-gallant masts ; the 
lives of the sailors are just as much exposed there as at any 
other point, perhaps* more so. Mr. Sturgeon himself admits 
that two men were killed there in the case of the liodney. 
But by his admission above quoted, my method is not objec¬ 
tionable. in the top-gallant mast, hut is on the contrary calcu¬ 
lated to. avoid “ every species of damage to the vessel and every 
chance of danger to the menif so, it must he equally efficient 
on the top-mast, lower mast, &c. This sort of traverse sailing, 
to use a nautical phrase, is not a ^ttlc amusing, and is, 1 believe, 
quite unprecedented in any paper on science. * 

. 53. In order that no mistake inay arise in respect of what I 
have advanced relating to lateral explosions, 1 may in conclu¬ 
sion simply state, that I do not deny the expansive force of 
a dense electrical explosion, and its destructive effect on im¬ 
perfect and non-conductors. I do not deny its effect in causing 
expansion in the surrounding air, which 1 rather choose to call 
with Priestley, “ the lateral force of electrical explosions,” 
than a lateral explosion of electricity. I do not deny this in the 
absence of any regular system of conductors, or that the dis¬ 
charge may divide in several directions, and in distributing it¬ 
self over the hull, may cause dense sparks and other electrical 
appearances in various parts of the vessel, but which would 
not appear, if a perfect system of conduction, such as I have 
proposed, were resorted to. 
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I do, however, deny the probability of any lateral discharge 
of electric matter from conducting bodies transmitting an ac¬ 
cumulation between oppositely charged surfaces, as assumed 
by several persons imperfectly acquainted with ordinary elec¬ 
trical action, and lately by Mr. Sturgeon ; and, 1 maintain, 
that neither artificially, nor in the course of nature, can any 
instance of such lateral explosion be authenticated. 

1 am, &c. 

W. Snow Harris. 

Plymouth, March 11, 18-10. 

P.S. It lias been insisted on by Mr. Sturgeon, that a shock 
of lightning, descending a continuous conductor on the mast, 
would magnetize every chronometer in the cabin, &c.—(Me¬ 
moir, Sect. 207.) 

This assumption is completely negatived by the cases above 
quoted. In fig. 4, an awful discharge descended an iron chain, 
and yet no magnetic clfect was observable on the neighbouring 
compasses, or on the chronometer in the cabin. It is only in the 
absence of continuous conductors we find such magnetic effects, 
and even then their occurrence is comparatively rare. Really, 
Mr. Sturgeon makes so many random assertions, it is almost 
impossible to attend to them all. 


IX.—Mr. Sturgeon’s Fifth Letter to W.Snow Harris, Esq. 

F.R.S. on Marine Lightning Conductors. 

Sir, 

When I had finished my last letter to you,* I made up my 
mind to decline any further notice of your impotent produc¬ 
tions’ in defence of that extra^dinary, unnecessarily expensive, 
and certainly the most unscientific and dangerous plan of 
marine lightning conductors, that could possibly have been 
thought of by any one claiming the character of an electrician. 
But finding, in the preceding article, a few descriptions of the 
effects of lightning on shipping, which, if correct, can hardly 
fail to be interesting to the electrician, I have not hesitated to 
give them a place in these Annals; and as you have laid con¬ 
siderable stress on these events, as sure indications of the in¬ 
fallibility of your electrical philosophy and lightning conduc¬ 
tors, I nave again ventured a few remarks, not with any hope 
of convincing you of your errors, or rather of your acknow¬ 
ledging them, but to shew you that, a very different explana¬ 
tion to that which you have attempted, would look quite as 
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plausible-to account for some of the effects produced by light¬ 
ning on those vessels; and in order to facilitate the compari¬ 
son, I will, as on former occasions, follow the numerical order 
of your own paragraphs. 

I think that I may very justly remark, as an introductory 
proposition, not difficult of demonstration, that, if there he no 
motive beyond the propagation of truth , one of the causes of 
your committing so many errors in calculating on the effects 
of lightning, is simply by your imagining that all discharges 
of lightning are alike powerful. 

In paragraph 20, you have, no doubt, given a very exact 
account of the dimensions of the chain topsail-sheet, and of 
the copper pipe of Hearle’s pump. Then, because each link 
of the former consisted of two sides, it was virtually composed 
of two iron rods, each of which was half an inch diameter from 
one end to the other; and as the latter “ was three inches in 
diameter,” the copper sheet of which it was made was uni¬ 
formly nine inches broad. Ilence the topsail-sheet and 
Ilcarle’s pump were no mean conductors, even compared with 
your own ; for the copper pipe of the pump was nearly of the 
same transverse dimensions as ihe mean of yours on the lower 
masts ; of much greater transverse dimensions than yours on 
the top-masts ; twice the transverse dimensions of yours on 
the top-gallant masts; and more than twice the transverse 
dimensions of your royal conductors. Moreover, since “ the 
effects on the fore-mast were very similar” to those produced 
on the main-mast, we are led to believe that each mast re¬ 
ceived only one half of the main stroke. And again, by con¬ 
sidering also, that each mast alone would carry some portion 
of the lightning to the sea, then, taking all these circumstances 
into account, and also the probability of this flash being*very 
far from the most formidable that occurs, I cannot see that 
this case is any proof either of the efficiency or inefficiency of 
your conductors, nor can I see what advantage you could 
think of gaining in defence of them, by bringing such a circum¬ 
stance forward, in which the conductors which were not injured 
were, in some parts of the circuit, more than four times the 
dimensions of yours. 

Paragraph 28 may possibly Ire a ver y correct account of the 
effects of a flash of lightning on the Athol; and so far as de¬ 
scription is concerned, it is an interesting paragraph. Bjt I 
do not agree to what you say ip paragraph 29, viz., that 
“ these effects are similar to the former, and shew the protec¬ 
tion afforded by the chains, and their power of conducting 
heavy discharges of lightningbecause, if I did, I should 
have to acknowledge that all “ heavy discharges of lightning” 
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were of precisely the same power ; which would be. the very 
opposite to the views which I take of these operations of na¬ 
ture ; and, what would be worse still, if possible, I should 
have to acknowledge that half a flash of lightning ought to 
produce precisely the same effect as the whole flash would do. 
This, as I first observed, is one of the rocks on which you so 
frequently founder. 

The cflects of lightning on H.M.S. Snake, as described in 
paragraph 30, are also very curious and interesting ; more 
especially if Captain Milne’s account of the route of the elec¬ 
tric fluid be correct. Perhaps you can explain why the elec¬ 
tric fluid jumped from iC within eight feet of the deck ” to “ the 
saddle of the main boomand by what route, from “ the 
saddle of the main boom one portion passed out of the quarter¬ 
deck port to the sea.” 

Paragraph 31 is an obvious indication of the limited views 
which you have of lightning, and of the correctness of my first 
remark in this letter, viz., that you consider all flashes of light¬ 
ning to be of the paiac power; and that the power of half a 
flash is equal to that of the whole flash. This inference, you 
will find, is clear enough, when you compare the description 
of the two events alluded to, in this paragraph, in which you 
say the Buzzard “ lost her top-gallant and top-mast, under 
precisely the same circumstances as those of the Hyacinth 
for it is obvious that the Hyacinth’s main-mast was struck by 
only half of the original flash; whereas the mast of the Buz¬ 
zard was struck by the whole flash. 

The only inference which, in a philosophical point ^pf vipw, 
can be drawn from your 32d paragraph, is that the Fox reve¬ 
nue cutter was struck by a comparatively feeble stroke of 
lightning; although, from the manner in which you appear to 
apply the case, that paragraph becomes demonstrative of your 
belief that all flashes of lightning arc of precisely the same 
power. 

You seem to be very desirous to shew your readers, that 
*» the copper usually placed about a cutter’s mast is not the 
7 * T nd part of an inch in thicknessand that “ in this case it 
remained perfect.” Now it strikes me that some of your readers 
will ask, why you did not give them the other dimensions of 
the copper ? A candid, scientific rcasoner would not have 
left them in doubt on a point of such essential importance in 
varying the effects of a flash of lightning on the metal. Even 
you own tinsel experiments (figs. 4, 5, and G, plate x., vol. iv.) 
must have taught you that a broad strip of gold leaf may re¬ 
main perfect, though it be traversed by an electric discharge 
which would destroy a narrow strip of the same thickness-; 
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and that a still more powerful discharge might have destroyed 
both of them. Whether or not there be a fatality attending 
your philosophy, over which you have no control, is not for 
me to determine; but there seems something curious enough 
in placing the power of a flash of lightning, which just “ fur¬ 
rowed” the mast of the Fox cutter, on a par with the power 
of that flash which produced such tremendous havoc on 
board the Rodney, or with that which destroyed “ both the 
fore and main-top masts and top-gallant masts” of the Hya- 


With respect to the effects of lightning on “ the spire of a 
church at Kings bridge,” as described in paragraph 33, I can 
have no doubt, of your having a very correct account from the 
Rev. G. F. Wysc; and I have ouly to request the same fa¬ 
vour on your part, whilst you read an account of another flash 
of lightning, the effects of which were also described by a 
reverend gentleman. 

On the 28th of April last, the bishop of Nova Scotia, in com¬ 
pany with the Rev, Mr. Cardwell, called at this Institution, 
and entered into a conversation jvith me on the subject of at¬ 
mospheric electricity. The bishop, who is well acquainted with 
electricity, described several curious effects of lightning which 
had come under his own observation. On one occasion, where 
lightning had struck a conductor which was fastened close to 
the wall of a building, a portion of the brick-work behind the 
conductor was crushed to powder, and a deep furrow, parallel 
to the conductor, was made in the wall from top to bottom. 

At another time, the bishop saw a flash of lightning ascend 
from the earth to the clouds, lifting up, in its passage, a great 
quantity of the soil and oilier earthy matter from the surface 
of the ground to a great height. 

These two remarkable circumstances being described fey an 
eye-witness of such high authority as the bishop of Nova 
Scotia, may justly be regarded as exceedingly interesting 
events in the history of atmospheric electricity. The furrow 
being made in the wall behind the conductor, is an excellent 
contrast to the effects of lightning on the spire of the church 
at Kingsbridge, and shews that, although the iron rod was 
sufficient to conduct a flash of-lightning of a certain force with 
safety; yet, the lateral forces of a still more powerful flash 
might possibly not only furrow, but totally destroy the spire 
to which it is attached. 

Your 34th paragraph is merely^a copy of Lieut. Sullivan’s 
letter already printed in these Annals,* and, therefore, I 
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can have nothing to remark upon it in this place, excepting 
that. I may bo permitted to say, that it is ail exceedingly in¬ 
teresting description of the appearances on board the Beagle 
at the time she was supposed to be struck by lightning, and, 
unquestionably, is the best description of those appearances 
that has hitherto been given; and so very dilferent to that 
given by Captain Fitz-Uoy,t that they scarcely appear to re¬ 
late to the same event. I do not see, however, that even 
Lieut. Sullivan’s description can be considered to be “ to¬ 
tally subversive of all ” that I have “ advanced concerning 
destructive lateral explosions.” That officer candidly acknow¬ 
ledges that he is not sufficiently acquainted with electrical ex¬ 
periments to offer any remarks on those which I have adduced. 
Now, sir, had you also acknowledged that you were not suffi¬ 
ciently acquainted with atmospheric electricity to offer any 
remarks on those phenomena which L have described in my 
fourth memoir, I should have considered that you also were 
enjoying the same honourable feelings. 

The philosophy of paragraph 36 is exceedingly good ; and 
Abercrombie’s doctrine is perfectly applicable in the present, 
instance ; for if your ideas of atmospheric electricity had been 
formed from a sufficient'immber of facts collected from your 
own observations, they would have been much more compre¬ 
hensive than at present; but from a want of that experience 
so essential to the formation of a sound judgment of all the 
variety of atmospheric electrical operations, and, to distinguish 
one class of them from another, your views of this branch of 
the science are necessarily very limited; and, having confessed 
that you have no acquaintance whatever with atmospheric elec¬ 
trical wares, it is not to be expeetetf that you can have any 
knowledge of the splendid phenomena which they produce on 
high elevated conductors, llhnce it is that you have fallen 
mto error by supposing that the Dryad and Beagle were struck 
by lightning; though to a person well experienced in electrical 
kite experiments, it becomes obvious enough that the lightning 
never struck either vessel iu the cases alluded to. And a per¬ 
son only moderately acquainted with eleetro-uiagnetism would 
know well that the primitive discharge never traversed the 
Beagle’s main-mast conductor on'that occasion. 

Whilst writing my fourth memoir, I was particularly careful 
in advancing no experimental facts but those with which I was 
quite familiar: hence it was that 1. described no other electric 
kite experiments than those •! had myself made, nor any of 
those splendid phenomena witnessed by other experimenters, 
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whilst exploring the atmosphere in a similar manner: hoping, 
from thfe confidence I then placed in your candor, that your 
desire to promote truth would have induced you to allude to 
them yourself; especially those phenomena seen by M. de 
Romas at his kite-string. Those phenomena were of a similar 
character to some of those which I have described,* and were 
obtained under similar circumstances; and had you brought 
them forward in your papers, as 1 expected you would 
have done, they would have given a fair opportunity to your 
readers to form a just comparison between them and the phe¬ 
nomena seen on board the Beagle and the Dryad.f 

Your reasoning in paragraph 37 is curious enough, implying 
that, because the Hyacinth was not blown up, there could he 
no lateral sparks!!! 

Paragraph 38 is a twin-sister to its predecessor, and implies 
that, because the man in the cross-trees was not killed, there 
could be no lateral discharge!! Why ought the man to have 
been killed ? That lie had a very narrow escape, no one will 
deny, when the circumstances are properly understood. “ The 
top-gallant mast was shivered, and a terrific shock darted from 
the heel of it to the chain topsail tve.” Now this “ terrific 
shock ” was one of those cases in winch that kind of lateral 
force is produced which Priestly calls the lateral explosion, 
and which you have been forced to acknowledge in paragraph 
53. When you were writing that 1 confessional paragraph, in 
which you say, “ I do not deny the expansive force of a dense 
electrical explosion, and its destructive effects on imperfect, 
and non-conductors ,” I suppose you had forgotten the “ sea¬ 
man aloft on the cross-trees,” close to the “ terrific shock” or 
dense electrical explosion! /” 

With respect to Wilsoii, who was killed in the Rodney, since 
there were no marks to be found either on his Jbody*or his 
clothes, it is fair to infer that he suffered from the lateral forces, 
and not by the primitive discharge which killed his shipmate. 

In paragraph 39, you again attempt to lead 3 'our readers 
astray by telling them that, by my theory, as you are pleased 
to call it, a “lateral discharge may sometimes occur, and 
sometimes not.” If, instead of insulting your readers by thus 
attempting to impose upon, their credulity, you had referred 
them to paragraph 203 of my fourth memoir, page 176, vol. iv. 
of these Annals, the only inference which they would have 
drawn would have been the following:—“ As the extent of 
electro-displacement, in vicinal bodies, depends upon the mag- 


* See my Fourth Memoir. 

fM.de Romas’s experiments are described in the appendix to this letter. 



Mr. Sturgeon’s fifth Letter to Mr. W. S. Harris. 59 

nitude and intensity of the primitive discharge or main, stroke ,” 
and as those conditions may probably vary with almost every 
flash of lightning, some flashes may be of such feeble powers 
as to produce no very formidable lateral effects; although 
others may be sufficiently powerful to exert lateral forces pro¬ 
ductive of the most serious consequences.” 

Admiral Ilawker’s account of the effects of lightning in the 
Mignomne, is very interesting. As “the main-mast was 
split down to the keelson,” there can be no question about the 
principal charge being transmitted in that direction; and, 
consequently, the man who was killed “ near the armourer’s 
bench,” suffered either by the lateral force of the main stroke, 
or by so small a portion of the latter, as to produce no serious 
lateral effects on his shipmate who was sleeping beside 
him.” Moreover, the two men who were killed in the main¬ 
top, “ being burnt black,” shews pretty clearly that they suf¬ 
fered from a very superior force to that which killed the man 
below, whose external injuries were only “ one black speck in 
his side.” The main tpp-mast being shattered to pieces, and 
the splinters being scattered “.in all directions,” is another in¬ 
stance of the formidableness of lateral explosions. 

I am much obliged fto Robert Park for shewing you his 
shirt; for as the man was not injured, it is pretty clear that 
neither he nor his shirt wqre struck by the lightning; and that 
it was the lateral force which “ took a strip out of his shirt 
about two inches wide from the shoulder to the wrist without 
hurting him.” The most probable immediate cause of the 
shirt being torn was a sudden distention of the air within the 
sleeve. See paragraph 40. 

The cases which occurred in the, Hawke cutter were ob¬ 
viously the effects of lateral electric forces . The “ boy experi¬ 
enced a shock only,” not being hit by the lightning. Neither 
did the lightning strike , but only “ passed close to another 
man,” who only experienced a temporary effect in his left arm.” 
I am not certain that you could have produced bettor data 
than these to prove the injurious effects of lateral explosions. 

Your mode of accommodating your philosophy to facts is truly 
curious and ingenious, and as nearly opposite to that exercised 
by profound reasoners as any one could be led to expect. In 
paragraph 41, you say “ that no damage occurs from a shock 
of lightning out of its direct path.” This beautiful philo¬ 
sophical inference is a master-piece of its kind, emanating, as 
it obviously docs, from the fact which you described the mo¬ 
ment before, in which you say, “ that the electric matter, in 
passing down the main hatchway, passed between a man and a 
boyand that these persons, who were “ out of the direct 
path ” of the lightning, were both affected by it. 
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From the above specimen of your philosophy I pass on to 
your case No. 12, in which I am glad to find that you view the 
effects of lightning on the New York packet more seriously 
than iu paragraph 7. !f The best account of the damage done 
in this vessel is that given by Mr. Ricli.f The spindle was 
fused for several inches of its length, and the chain “ conduc¬ 
tor was literally tom to pieces and scattered to the winds.” 

With respect to the Nelson Monument at Edinburgh, I 
have nothing to add to the fact which 1 have previously stated; 
excepting that I may here remark, that your attempt to place 
that fart or any other which bears on this important topic, in 
the back-ground, indicates a desire to evade those cases which 
ought to be particularly attended to. It is extreme cases of 
the effects of lightning that ought to be guarded against; and 
if those cases be not provided for, with regard both to the di¬ 
mensions and position of the metal, no conductor can give the 
necessary protection. 

Your obvious intentional attempt, in paragraph 48, to per¬ 
vert the meaning of some of those ppints on which I have 
touched in my fourth memoir, lends to excite a strong suspi¬ 
cion that the whole of your perversions have emanated from 
some unaccountable motive, of a very different nature to that 
which would have been expected from a person of your pre¬ 
tensions. How dared you attempt, to make it appear that I 
have said “ that we cannot produce a running light upon a 
conductor carrying an electric discharge ” ? How dared you 
venture to palm upon your readers such a palpable barefaced 
untruth? My language on this topic is the following:—“ We 
eaf?not*produce any tiling like a running light when the con¬ 
ductors are sufficiently good and capacious to conceal the 
motion of the fluid; though such a phenomenon may easily be 
produced by the employment of inferior couductois.f 

With respect to the appearances on board the Dryad and 
Beagle, I have already expressed my opinion pretty clearly; 
and 1 have not met with any statement of the tacts which has 
tjie least tendency to alter that opinion. 

That the Hawk cutter should appear as if “ enveloped in a 
flame oflightning,” lrom the luminous effects of the flash which 
struck her, appears probable enough, although it is certain that 
nothing of the kind occurred; for “the electric matter in 
passing down the main hatchway, passed between a man and 
a boy,” and therefore could not envelope the vessel. The 
flash, prior to its striking an object, produces the greatest lu r 


* Annals of Electricity, vol. iv. p. 487. f Ibid. p. 372, 
| Annals of Electricity, &c. vol. iv. p. 180. 
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ininous effects; and lightning passing near to either a ship or 
a house would produce similar luminous effects to those which 
appeared to the people on hoard the? ILawk and the lieagle. 

Dr. Franklin’s opinion on these luminous effects of lightning 
will he seen in the Appendix to this letter. 

Another instance of those mean attempts to pervert the 
meaning of certain topics of my fourth memoir appears in 
paragraph 52, in which you take to yourself a great deal of 
credit, by conveying to your readers as profound a falsehood 
as ever proceeded lrom man: stating, as you do, that 1 have 
admitted that your method of protecting the masts of ships is 
not objectionable. This paltry manoeuvre strengthens inv 
former suspicions, and gives a very sable coloring to the 
motives from which emanate such unjust aspersions. If you 
had regarded truth, and the just interests of science*, whilst 
quoting my remarks on conductors for top-gallant masts, 3-011 
would have directed your readers to paragraphs 221 and 222 
of my fourth memoir,*' in which I have stated, that, “ instead 
of only owe strip (ofeppper) to each mast, I should propose 
three in each, at equal distaycee from each other; which, b) r 
having an exposure of metal on every side, would he a greater 
security to the mast than by having one strip only. And that 
four cylindrical copper rods, or four llexihle metallic ropes, 
stretched from the cross-trees to the truck, parallel to the top¬ 
gallant shrouds, would afford a much better protection to the 
top-gallant rigging than conductors let into the masts.” 

It is not for me to judge of the opinions which other readers 
form of your philosophy, but to me you seem to have been led 
into the most extraordinary inaccuracies in many parts of your 
defence of your lightning conductors ; and, perhaps, in none 
more so, than in the postscript to the preceding paper, in 
which you, appear to be deft’rmined, either to mislead your 
readers, or, to shew your almost entire ignorance of electro¬ 
magnetic action. Permit me to ask you a few questions on 
this subject. Do you wish me to understand, that you, a Fel¬ 
low of tile Royal Society, are totally ignorant of Sir Humphrey 
Davy’s experiments, by which that philosopher first mag¬ 
netized steel needles by transmitting electric discharges from 
a battery of jars, through a vicinal conducting wire ? Do you 
wish me to understand that you, a Fellow of the Royal Society, 
with the pretensions of an electro-inagnetist, never repeated 
those beautiful experiments ? Do you wish me to understand 
that you, a Fellow of the Royal Society, who, as an inventor of 
a maiine lightning conductor ought to be a profound clcc- 


* Annals of Electricity, &c., rol. iv. page 185 . 
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trician and cleetro-magnctist, that you who are pretending to 
protect tlic BritislrNavy and our brave tars from the effects of 
lightning,—that you, on whose judgment such mighty interests 
are to be at stake,—are entirely ignorant of the laws of electro¬ 
magnetism ? If you are not entirely ignorant of the magnetic 
action of electric currents traversing good conductors, how 
dared you venture to say, that “ it is only in the absence of 
continuous conductors we find such magnetic effects ?” If you 
are not entirely ignorant of such magnetic action, how dared 
you venture to stain the pages of British science, to insult the 
dignity of the Royal Society, and, above all, to deceive the 
Lords Commissioners of the Admiralty, and the whole British 
Navy, by propagating such a palpable falehood ? Will you 
acknowledge that you are ignorant of the magnectic action 
of lightning whilst traversing good conductors; or will you 
have to submit to the degrading position of having wilfully 
concealed that most important iiict,, to guard against which is 
one of the most essential considerations in the erection of ma¬ 
rine lightnirfg conductors ? . 

I have paid considerable attention to the statements of 
professors Farrady and Wheatstone in the “ Report of the 
Committee appointed by the Admiralty*;” but I have not 
been able to discover any facts, in those statements, which 
have the least tendency to alter my opinion of your plan of 
conductors, and certainly none whatever tending to invalidate 
any part of my fourth memoir. By quoting M. De llomas’s 
kite experiments, professor Wheatstone has shewn, pretty 
clearly, that electrical discharges such as appeared on the 
conductors of the Dryad and the Beagle, are no sure indica¬ 
tions of those vessels being struck by lightning; for, as will 
be seen in the appendix to this letter, no lightning was pre¬ 
sent at the time that the French philosopher was conducting 
his kite experiments, in which he saw “sheets of fire 9 or 10 
feet long and an inch broad, which made as much or more 
noise than the reports of a pistol.” Perhaps the most re¬ 
markable feature in the Report of the Committee, is the 
total absence of any consideration respecting the magnetic 
action which lightning would produce on chronometers, com¬ 
pass needles, &e. whilst traversing vicinal conductors; the con¬ 
sequences of which, in misleading the mariner, might be more 
fatal than those from the direct action of the lightning itself. 

1 remain, Sir, yours &e, 

W. Sturgeon. 

Victoria Gallery, of Practical Science, Manchester, 

June 22nd, 1840. 

* Page 1 of this volume. 
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Appendix to Mr. Sturgeon’s Letter. 

Amongst Dr. Franklin’s remarks on Mr. William Maine’s 
Account of the effects of lightning on his Lightning Rod, we 
find the following: 

“ It is said that the house was Jilted with its flush. Ex¬ 
pressions like this are common in accounts of the effects of 
lightning, from which wc are apt to understand that the light¬ 
ning filled tho house. Our language indeed seems to want a 
word to express the light of lightning as distinct from the 
lightning itself. When a tree on a hill is struck by it, the 
lightning of that stroke exists only in a narrow vein between 
the cloud and tree, but its light fills a vast space many miles 
round ; and people at the greatest distance from it are apt to 
say, “ the lightning came into our rooms through our windows.” 
As it is in itself extremely bright, it cannot, when so near as 
to strike a house, fail illuminating highly every room in it 
through the windows; and this I suppose to have been the case 
at Mr. Maine’s; add that, except in and near the hearth, from 
the causes above-mentioned, it was not in any other part of 
the house ; the Jlash meaning no more than the light of the 

lightning_It is for want of considering this difference, that 

people suppose there is a kind of lightning not attended with 
thunder. In fact there ^s probably a loud explosion accom¬ 
panying every flash of lightning, and at the same instant;— 
but as sound travels slower than light, we often hear the sound 
some seconds of time after having seen the light; and as 
sound does not travel so far as light, we sometimes see the fight 
at a distance too great to hear the sound.”— Franklin’s Letters. 

• M. De Romas’s Kile Experiment. 

“The greatest quantity of electricity that was ever brought 
from the clouds, by any apparatus prepared for that purpose 
was by M. De Romas, assessor to the presides! of Nerac. 
This gentleman was the first who made use of a wire inter¬ 
woven in the hempen cord of an electrical kite, which he 
made seven feet and a half highf and three feet wide, so as to 
have eighteen square feet of surface. This cord was found to 
conduct the electricity of the clouds more powerfully than an 
hempen cord would do, even though it was wetted; and, being 
terminated by a cord of dry silk, it enabled the observer (by 
a proper management of his apparatus) to make whatever ex¬ 
periments he thought proper, without danger to himself. 

“ By the help of this kite, on the 7th of June, 1753, about 
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one in the afternoon, when it was raised 550 feet from the 
ground, and had taken 780 feet of string, making an angle of 
near forty-five degrees with the horizon ; he drew sparks from 
his conductor three inches long and a quarter of an inch 
thick, the snapping of which was heard about ‘200 paces. 
Whilst he was taking these sparks, he felt, as it were, a 
cobweb on bis face, though he was above three feet from the 
string of the kite; after which he did not think it safe to 
stand so near, and called aloud to all the company to retire, 
as he did himself about two feet. 

“ Thinking himself now secure enough, and not being incom¬ 
moded by any body very near him, lie took notice of what passed 
among the clouds which w ere immediately over the kite ; but 
could perceive no lightning either there or any where else, nor 
scarce the least noise of thunder, and there was no fain at all. 
The wind was West, and pretty strong, which raised the kite 
100 feet higher, at least, than in the other experiments. 

“ Afterwards casting his eves on the tin tube, which was 
fastened to the string of the lftte, and about three feet from 
the ground, he saw three straws, one of which was about 
one foot long, a second four or five inches, and a third three or 
four inches, all standing erect, and performing a circular 
dance, like puppets, under the tin tube, without touching one 
another. 

“ This little spectacle, which much delighted several of the 
company, lasted about a quarter of an hour: after which, 
some drops of rain falling, he again perceived the sensation of 
the cobweb on bis face, and at the same time heard a con¬ 
tinual rustling noise, like that of a small forge bellows. This 
was a farther warning of tjie increase of electricity ; and from 
the first instant that M. De Romas perceived the dancing 
straws, he thought it not advisable to take any more sparks 
even with all his precautions j and he again entreated the com¬ 
pany to spread themselves to a still greater distance. 

“ Immediately after this came on the last act of the entertain¬ 
ment, which M. l)e Romas acknowledged made him tremble. 
The longest straw' was attracted by the tin tube, upon which 
followed three explosions, the noise of which greatly resembled 
that of thunder. Some of the company compared it to the 
explosion of Sockets, and others to the violent crashing of large 
earthen jars against a pavement. It is certain that it was 
. heard into the heart of the city, notwithstanding, the various 
noises there. 

“ The fire that was seen at the instant of the explosion had 
the shape of a spindle eight inches long and five lines in 
diameter. But the most astonishing and diverting circum- 
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stance was produced by the straw, which had occasioned the 
explosion, following the string of the kite. Some of the com¬ 
pany saw it at 45 or 50 fathoms distance, attracted and re¬ 
pelled alternately, with this remarkable circumstance, that 
every time it was attracted by the string, flashes of fire were 
seen, and cracks were heard, though not so loud as at the 
time of the former explosion. 

“ It is remarkable, that, from the time of the explosion to the 
end of the experiments, no lightning at all was seen, nor scarce 
any thunder heard. A smell of sulphur was perceived, much 
like that of the luminous electric effluvia issuing out of the end 
of an electrified bar of metal. Round the string appeared a 
luminous cylinder of light, three or four inches in diameter; 
and this being in the day-time, M. De Romas did not ques¬ 
tion but that, if it had been in the night, that electric atmos¬ 
phere would have appeared to be four or five feet in diameter. 
Lastly, after the experiments were over, a hole was discovered 
in the ground, perpendicularly under the tin tube, an inch 
deep, and half an yich wide, which w r as probably made by the 
large flashes that accompanied the explosions. 

“ An end was put to these remarkable experiments by the 
falling of the kite, tlrt) wind being shifted into the east, and 
rain mixed- with hail coming on in great plenty. Whilst the 
kite was falling, the string came foul of a penthouse; and it 
was no sooner disengaged, that the person who held it felt 
such a stroke in his hands, and such a commotion through his 
whole body, as obliged him instantly to lot it go; and the 
string, falling on the feet of some other persons, gave them a 
shock also, though much more tolerable*. * 

“ The quantity of electric matte/ brought by this kite from 
the ^louds at another time is really astonishing. On the 26th 
of August^ 1756, the streanfs of fire issuing from it were ob¬ 
served to be an inch thick, and 10 feet long. This amazing 
flash of lightning, the effect of which' on buildings or animal 
bodies, would perhaps have been equally destructive with any 
that are mentioned in history, was safely conducted by the 
cord of the kite to a non-electric body placed near it, and the 
report was equal to that of a pistol.- 

“ M. Romas had the curiosity to place a pigeon in a cage 
of glass, in a little edifice, which he had purposely placed, so 
as that it should be demolished by the lightning brought down 
by his kite. - The edifice was, accordingly, shattered to pieces, 
but the cage and the pigeon were not struckf. 

* Cents. Mag. for August 1756, p 378. 
f Nollet’s Letters, vol. ii. p. 239. 

Vol. V.—No. 25, July t 1840. I 
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Mr. Sturgeon’s Voltaic Battery. 

“ The. Abbe Nollet, who gives this account, adds, that if a 
stroke of this kind had gone through the body of M. De 
Romas, the unfortunate professor Richman had not probably 
been the only martyr to electricity, and advises, that great 
caution be used in conducting such dangerous experiments.* 

“ When we consider how many severe shocks the most cau¬ 
tious and judicious electricians oiten receive through inadver¬ 
tence, we shall not be surprised that when philosophers first 
began to collect and make experiments upon real lightning, it 
should sometimes have proved a little untractablo in their 
hands, and that they were obliged to give one another fre¬ 
quent cautions how to proceed with it. 

“ The Abbe Nollet, as early as the 1752, advises that these 
experiments be made with circumspection; as he had been 
informed, by letters from Florence and Bologna, that those 
who had made them there had had their curiosity more than 
satisfied by the violent shocks they had sustained in drawing 
sparks from an iron bar electrified by thunder. ’ One of his 
correspondents informed him, that once, as he was endeavour¬ 
ing to fasten a small chain, with a copper ball at one of its 
extremities, to a great chain,’ which communicated with the 
bar at the top of the building (in order'to draw off the electric 
sparks by means of the oscillations of this ball) there came a 
flash of lightning, which he did not see, but which affected the 
chain with a noise like that of wild fire. At that instant, the 
electricity communicated itself to the chain of the copper ball, 
and gave the observer so violent a commotion, that the ball 
fell out of his hands, and ho was struck backwards four to five 
paces. *He had never been so much shocked by the experi¬ 
ment of Leyden.”t— Priestley's History of Electricity. 


X .—Description of a Cast Iron Voltaic Battery , and an 
Account of some of its Performances. By William Sturgeon. 

Having given a notice in the last Number, that I would des¬ 
cribe this battery in the present one, I now proceed to do so. 

The battery consists of ten cast-iron cylindrical vessels, and 
the same number of cylinders of amalgamated rolled zinc with 
diluted sulphuric acid. The* cast-iron vessels are 8 inches 
high and 3^ inches diameter. The zinc cylinders are the same 
height as the iron ones, and about 2 inches diameter, and open 
throughout. The iron and zinc % cylinders are attached, in 
pairs, to each other, by means of a stout copper wire, as seen 

• Phil. Trans, vol. lii. pt. i. p. 342. 
f Phil. Trans, vol. xlyiii, pt. i. p. 205. 
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in fig. 7, plate 1. The zinc of one pair is placed iir the iron 
of the next, and so on throughout the series; contact being 
prevented by disks of millboard placed in the bottom parts of 
the iron vessels. 

As it is my intention to embody a series of experiments 
made with this battery, with a number of others, in a paper 
which will appear in the August number of this work, I will 
merely notice a few, in this place, which will give a tolerably 
good idea of its powers. 

With ten pairs in series, I have usually obtained 14 cubic 
inches per minute of the mixed gases from the decomposition 
of water, and 10| cubic inches when the battery had been in 
action an hour and a half. But on the 20th iust. I obtained 
20 cubic inches per minute, and this day I obtained 22 cubic 
inches per minute with the same arrangement; fused 1 inch 
of copper wire of t ' t of an inch diameter; four inches was 
kept white hot; and 18 inches of the same wire was kept red 
hot in broad daylight. 

Eight inches of watch main springs was kept red hot, and 
2 inches white hot, for several successive minutes. 

We now employ this .battery daily at this Institution. 

W. Sturgeon. 


Royal Victoria Gallery, 

For the Encouragement of Practical Science, Manchester, 
June 22, 1840. 


XI.—MISCELLANEOUS ARTICLES. 

• ** 

Curious Remarks on the Wfeck of the “ Royal George .” 

At a recent meeting of the Geological Society, there were 
read,** Remarks on the structfire of the Royal George, and on 
the condition of the timber and other materials brought up 
during the operations of Colonel Pasley in 1839,’ by Mr. 
Creuze. The Royal George was the tiist ship built on the 
improved dimensions recommended in consequence of an in¬ 
quiry into the superior sailing qualities of the vessels of war in 
the French and Spauish services. She was commenced at 
Woolwich in 1746, launched in 1756, and, after bearing a very 
high character as a ship of war for twenty-six years, was acci¬ 
dentally sunk at Spithcad on the 29th of August, 1782. From 
an examination of the various portions of the wreck recovered 
by the operations of Colonel Pasley, Mr. Creuze states that 
the great agent of the work of destruction, during the fifty- 
seven years since the loss of the Royal George, has been “ the 
worm,” which has gradually, by its innumerable perforations 
on every exposed portion of the wood work, reduced it to such 
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a state as to enable the constant wash of the tides to abrade it 
layer by layer. The portion of the ship which has thus been 
removed is considered to be the whole of the upper part, in¬ 
cluding the topsides above the line of the middle-deck ports. 
The portions of the recovered timbers which had been buried 
in the mud were perfectly sound; and Mr. Creuze is of opinion 
that the bottom of the ship, which is thus protected, and too 
deeply inhumed to be affected bv tin; explosion, will last for 
ages. Some portions of the copper have undergone so little 
change, that several whole sheets average the same weight per 
square foot as those now used in the royal navy; and this state 
of preservation, Mr. Creuze believes, may be accounted for on 
the principle applied by Sir Humphrey Davy to the protection 
of the sheathing of ships. The cast-iron guns which have been 
recovered w ere so much softened as to be easily abraded by the 
finger-nail to the depth of one-sixteenth and one-eightli of an 
inch, but they gradually hardened on exposure to the atmo¬ 
sphere. The brass guns arc as sharp in their ornamental cast¬ 
ings, and apparently as sound, as at their first immersion. A 
piece of two-and-a-half inch cable-layed corda'ge, made from 
a specimen of tarred rope (possibly part of the ship’s old junk 
for sea-store, or of one of the cables used in an attempt to 
w'eigh her soon after she sunk), w\as found to bear 21cwt. 3qrs. 
7lbs.; while a similar cable, made from yam spun in 1830, 
bore only QOcwt. Iqr. 711js. Mr. Creuze then stated some pe¬ 
culiarities in the structure of the Royal George, and concluded 
with a descriptive catalogue of a scries of specimens which ac¬ 
companied Mr. Greuze’s paper. 


Further Particulars respecting the Royal George. 

Colonel Pasley began his proceedings for the removal of the 
wreck of the Royal George on the 1st of this month, but up to 
this day (Monday) nothing very remarkable was effected. Two 
guns, the rudder, and’ a considerable quantity of timber were 
recovered; but as these were merely those fragments of last 
year’s work which the inclemency of the season prevented the 
engineers from picking up, no. serious measures were deemed 
necessary till yesterday. At eight o’clock in the morning, the 
red flags at S pithead announced that a great explosion was to 
be attempted: and at eleven o’clock one of those huge cylin¬ 
ders, w’hich have already been described, and filled with 
2,1 IClbs. of gunpowder, was lowered to the bottom. One of 
Colonel Pasley’s divers (George llall), who has acquired great 
expertness in these operations, descended his rope ladder a 
little in advance of the cylinder, and succeeded in fixing it 
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securely to one of the lower gudgeons or braces on the rudder- 
post, within six or eight feet of the keel. The diver having 
remounted, and the vessels being withdrawn to a safe distance, 
the enormous charge was ignited by means of the voltaic ap¬ 
paratus. Within less than two seconds after the shock was 
felt, the sea rose over the spot to the height of about fifteen 
feet, or not quite half so high as it did on the occasion of the 
great explosions last year; a difference ascribable, probably, 
to the cylinder on the present occasion having been placed 
under the hull instead of alongside it. The commotion in the 
water, however, was so great, as to cause the lumps and lighters 
to pitch and roll at a great rate. The whole surface ol the sea, 
for several hundred yards round, was presently covered with 
dead fish and small fragments of the cylinder. Amongst these 
were innumerable tallow candles, and a mass of butter a loot and 
a half in length, evidently driven up from the purser’s store¬ 
room. As soon as the vast commotion in ihe water had sub¬ 


sided, and tile boats had returned from the universal scramble 
for the candles an A dead fish, 1 the diver proceeded again to the 
bottom, and soon reported tlffit the whole stern ol the ship had 
been driven to pieces, and that, so far as be could ascertain, 
there was now a free and wide, channel directly fore and aft the 
ship, from stem to stern, through which both the flood and ebb 
tides will rush ; and tints the mud with which the hull of the 
lloyal (f corge has been silted for half a century will he washed 
out, and the way cleaved for Colonel Parley’s lurther opera¬ 
tions. Prom the auspicious manner, indeed, in which he has 
commenced, we may safely predict his final success ^ and we 
confidently trust that, before the season closes, Spitliead will 
be cleaved of this grievous and long-standing drawback to its 
efficiency as a roadstead for line-of-battle ships. 


Further Particulars . 

« 

The operations have continued daily with great activity and 
success, two divers being employed every slack tide in slinging 
the fragments of the wreck. The stern-post hp been got up, 
broken into three pieces by the great explosion of the 11th 
instant, together with a large fragment of dead-wood, that 
stood over the keel, and was also connected with the stern- 
post. A very curious mass, consisting of part of the lower 
deck, with a portion of beam, and two knees below the deck- 
plank, and a rider or upright knee above it, together with part 
of a port, and the remaining, both of the inside and outside, 
planking, on each side of a fragment of timber, may now bo 
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seen in the. Dock Yard. A very large cable has also been got 
up, measuring twenty-four inches round, and about ninety 
fathoms in length, which was generally very sound, but lias 
been broken into several pieces, so that the diver had to de¬ 
scend repeatedly for two or three days before he slung the 
whole of it. All is clear now above the orlop deck, except 
some beams of the lower deck, which still remain. This day 
(Saturday) red flags were hoisted on board the two lumps, at 
ten o’clock, as a signal that two explosions, of 250lbs. of pow¬ 
der each, would take place at the next slack tide, and two 
divers were sent down to make preparations for placing the 
two charges, one under the main hatch nf the orlop deck, the 
other near the bread room. Lieut. Symonds, the executive 
engineer, who made all the arrangements on this occasion, 
as well as for the great explosion of the 11 th, then sent down 
the charges with the divers, anjl having removed the lumps to 
a little distance, he posted himself at one voltaic battery, 
whilst Sergeant-Major Jones had charge of the other. Colonel 
Pasley then gave the word to fire, but only one explosion took 
place, which was effected by four Cecils of Professor Danicll’s 
battery, at the distance of 240 feet. This produced the usual 
effect of a great commotion in the water, in the form of an in¬ 
verted bowl, spreading to a considerable distance, but not 
rising to any great height; several seconds elapsed, after a 
sharp shock was felt, before this agitation of the water took 
place. The second explosion, which was to have been fired 
by means of Mr. Alfred Smee’s new voltaic battery, did not 
take place on completing the circuit ; but Sergeant-Major 
Jones, feeling the shock of the other explosion, believed it to 
be his own, for he completed the voltaic circuit, on first re¬ 
ceiving the order to fire. Being yrdered to complete the«cir- 
cuit a second time, he did so; and on keeping up the contact 
for about four seconds, the explosion was effected at the dis¬ 
tance of 460 feet. After these explosions, which were wit¬ 
nessed by Admirals Sir Edward Codrington, and BouverieJ 
Major-General Sir Hercules Pakonham, and a number of 
officers of both services, and numerous other spectators, the 
divers repeatedly went down a»ain, and lashed large pieces of 
timber, amongst which were the parts of a lower deck beam. 
A human skull, with teeth, was also brought up from the after 
part of the wreck, which Colonel Pasley has declared his in¬ 
tention to bury in Kingston churchyard, together with such 
other remains of skeletons as may be obtained hereafter. 
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Operations against the Wreck of the “Royal George ,” 
and proposed Great Explosion . 

The mud accumulated in the hold of the wreck having 
proved troublesome to the divers, a n umber of small 
charges of 471b. and of 2601b. of gunpowder have been fired 
against the wreck within the last fortnight, and the removal 
of the fragments has proceeded with great activity; but it 
now appears necessary to have recourse to another great 
explosion of about 2,1601b. of powder, to be placed in a 
wooden cylinder made in Chatham dockyard, which having 
been coated with a waterproof composition, and sunk in 
fifteen fathoms at Spithead, was declared to be perfectly water 
tight. Colonel Pasley has declared his intentioh of firing this 
great charge at about a quarter before two o'clock on the 
afternoon of Monday, the 22nd instant, when the neap tides 
and long slack water will favour the operation. Red flags 
will be hoisted on boavd the Success frigate hulk, and the two 
lumps or mooring lighters at Spithead, several hours before 
the explosion on the d$y above-mentioned. Should a violent 
gale of wind occasion such a swell as to prevent the operation 
on the 22nd, it will be postponed till the 23rd or 24th, and 
each day of delay will cause the explosion to take place about 
three quarters of an hour later than the time before men¬ 
tioned. 


* v i_* 

Sketch of the Life of the laic IJeul. Bell. 

“John Bell was the eldest son oi a hat-manufacturer of re¬ 
spectability and considerable property, residing in Carlisle, 
and was bom on the 1st of March, 1747. Until he attained 
the age of eighteen, he assisted in the management of his fa¬ 
ther’s business; indeed, from his parent having engaged Jn 
scientific pursuits, and more particularly in the vain endeavor 
to discover the longitude, the duties of the business almost 
wholly devolved on the subject of this sketch. In the year 
1765, Sergeant Harding, of the. Royal Artillery, who was fa¬ 
miliarly known to the family, being at Carlisle recruiting, young 
Bell was induced to enter into the service of liis country, and 
after having received the usual drilling at Woolwich, he in the 
following year embarked for Gibraltar, in the 3rd battalion, 
under Major Innes, where he remained about six years. On 
his return to England, he obtained a furlough, and proceeded 
into the north to visit his relatives, when he found that, during 
his absence, his father had fallen into embarrassments, from 
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having neglected his business, and spent his property in his 
endeavors to obtain the prize offered by government to the 
discoverer of the longitude. Shortly after his return to Wool¬ 
wich, his expertness in handling the Macaroni Gun elicited 
the applause of his sovereign, who, dapping him on the shoul¬ 
der, exclaimed, “ Fine young fellow—fine young fellow—make 
a man of you.” From this time his abilities became daily more 
apparent, and his promotion was rapid. He first became 
bombadier in 1775, and w»,s sent on a recruiting mission to 
Carlisle, where, being well known, and his success consequently 
great, he was continued for some months. He was engaged in 
various schemes connected with military pursuits during the 
succeeding seven years, and in 178:2 we find him paymaster- 
sergeant and conductor of stores to the artillery encamped on 
South Sea Common. From South Sea Castle lie was an eye¬ 
witness to the foundering of the Royal George, and from that 
time, his mind became occnpied in devising some plan for 
raising, or, should that he impracticable, for destroying the 
wreck. On the treaty of peace with Anferica being ratified, he 
returned to Woolwich, where lie was made inspector of the 
proof, which situation he held at the time of his death. Here 
lie devoted his leisure hours to the scientific pursuits on which 
the whole energies of his mind wore bent, and-which his in¬ 
ventive genius enabled him to exhibit in a scries of most ex¬ 
traordinary and valuable inventions. These it would be useless 
to attempt to describe in a mere biographical sketch, it must, 
therefore, suffice if some of the most remarkable he enumerated. 
And first may be mentioned the “ Sun Proof,” by which the 
soundness of the interior of ordnance is scrutinised most ef¬ 
fectually, and this proof is* considered so decidedly superior to 
all others, that it is still believed to he used in the, royal 
arsenal, and doubtless many a brave fellow is indented for his 
lengthened existence to the security thus afforded him from the 
bursting of heavy artillery. A gyn, called “ Boll’s Gyn,” (also 
still in use in the lloyal Military Repository,) bears witness to 
liis inventive genius, as do further, mi effective petard, (a model 
of which may be seen at the laboratory, at Woolwich,) a me¬ 
thod of destroying ordnance by means of a ponderous weight 
worked at a considerable altitude, and a variety of minor in¬ 
ventions and improvements. In 1791, a silver medal and a 
premium of five guineas were awarejed to him by^tlc Society 
of Arts, “ For a safe crane, whereby the lives of persons de¬ 
scending or ascending precipices', wells, shafts of mines, &c„ 
will be saved, although the Jine.by which they are suspended 
may by accident be broken.” In 1793, he received a further 
premium of twenty guineas from the same society, “ For a gun 
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and harpoon on a new construction for taking whales, after 
satisfactory trials made therewith.” (Vide Trans, of this So¬ 
ciety.) Nor must be omitted the notice of his invention for 
destroying sunken bodies by the operation of gunpowder, the 
result of his reflections on the fate of the Royal George. 
Having proved its practicability by blowing up a sunken rock 
in the Frith of Forth, lie further demonstrated its utility by ex¬ 
periments performed at Woolwich before the Duke of Rich¬ 
mond and other military gentlemen. Having directed a vessel 
to bo built upon a scab; of one inch to fifty of the thickness of 
the Royal George’s side, he caused it to be sunk in the Thames, 
and with 501bs. of gunpowder, afterwards conducted into her 
magazine, blew her to pieces. The experiment took place at 
high water, and answered every expectation of the inventor. A 
further experiment was 'made, which seemed to promise sue- 
„ccss, viz., the breaking of chains or booms laid across rivers, 
by means of a nuine of gunpowder. (Vide Gents. Mag. for 
1789, pages 753 and 947.) From this it is evident that, but 
for his premature deadly the Royal George had long ago ceased 
to engage the inventive faculties of scientific minds. Colonel 
Pasley, who is now occupied on that wreck, to his highest 
honour he it spoken, has in a recent letter to the Times, gene¬ 
rously awarded to Lieut. Bell his ready assent to the clifim of 
his being tbe first projector of this scheme for her demolition, 
although he had not been previously acquainted with it. 

“ But the invention which of all others entitled him to a place 
as well among the “ sons of genius," as among the benefactors 
of mankind, is that of the “ Apparatus for rescuing shipwrecked 
mariners,” for which the world generally considers itself in¬ 
debted to Captain Mauby. Without tlie least desire to advance 
any claim derogatory to the fair fame? of the gallant captain, we 
must be permitted to adduce such proofs as are afforded (and 
these, we consider, are incontrovertible) that the real merit of 
the invention belongs solely, and in every material respect, to 
the departed genius whose memory we now seek to perpetuate. 
His untimely death afforded Captain Manby the opportunity 
of bringing it more decidedly before the public, and of ob¬ 
taining the high emolument of which it was considered de¬ 
serving ; let him, therefore, permit the empty honour to gild 
the escutcheon of the undoubted proto-inventor. It is scarcely 
necessary to describe the apparatus, since there can be but few 
persons who are unacquainted frith its nature and uses. The 
models of the whole apparatus, originally deposited by Lieut. 
Bell, may be inspected in the rooms of the Society for the 
Encouragement of Arts and Sciences. Several successful ex¬ 
periments were made at Woolwich before thejDuke of Rich- 
Vol. V—No. 25, July, 1840. K 
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moral, then Master-General of the Ordnance, and other distin¬ 
guished *and scientific individuals, when Lieut. Bell, by dis¬ 
charging a shell from a mortar, threw on shore a rope, by 
which ho drew himself to the land with perfect ease, of which 
exploit a living witness now resides at Woolwich, namely, Mr. 
Lnycock, who at that time served in the Royal Artillery- His 
success was so perfectly satisfactory, that, in 1792, a premium 
of fifty guineas was awarded to him for the invention li}' the 
Society of Arts. It would seem that Captaiu Manby’s claim 
to the originating of this contrivance rested solely upon the 
subtle distinction of his throwing a line across the ship from a 
nun tar on shore, whilst Lieut. Bell’s has been thought to sug¬ 
gest the throwing it from the vessel only. The following ex¬ 
tract from Lieut. Bell's observations, transmitted to the Society 
of Arts, and published in their transactions, proves that his 
plan comprehended both these methods:—“ there is every 
reason to conclude that this contrivance would be very useful 
at all ports of difficult access, both at home and abroad, where 
ships are liable to strike ground before they enter the harbour, 
as Shields Bar, and other similar situations, when a line might 
be thrown over the ship, which might probably be the means 
of saving both lives and property; and, moreover, if a ship 
were driven on shore near such a place, the apparatus might 
easily be removed to afford assistance; and the whole per¬ 
formance is so exceedingly simple, that any person once seeing 
it done, would not want any further instruction. (Vide Trans, 
of the Society of Arts, vol. 25, page 135.) 

£ ‘ In addition to the above convincing proofs of the right of 
LhSft.Hloll to the honour of this invention, two extracts are 
subjoined—First, from Lieut. General Farrington’s letter of 
19th January, 1808, transmitting report of the committee of 
field officers of artillery at WooJwich on the Manby apparatus, 
in which the licut.-geueral states, “that this invention was 
brought 1‘mward by the late Lieut. Bell, of the Royal Artillery, 
nearly fourteen years since; liis idea was to project the rope 
from the ship t<^ the shore, which is assuredly the method 
most to be depended upon, as the vessel in that case carries 
the means with it, and need not rely on any fortuitous assist¬ 
ance irom the shore.” And, secondly, an. extract from the 
letter of Colonel Ramsay, dated October, 1808, containing a 
report of field officers of artillery on the Manby apparatus, in 
which the colonel states, “ that Lieut. Bell was presented 
with a premium from the Society of Arts for a similar appli¬ 
cation of ordnance to come from the ship to the shore, and for 
having also suggested its utility in projecting the rope from 
the land to vessels in danger of being wrecked.” (Vide report 
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of the committee of the House of Commons on the application 
of Captain Manby for remuneration for the apparatus.) 

“ If any proof be required in addition to the above of the true 
person entitled to the merit of this valuable invention, it might 
be found in the fact of the House of Commons having, in the year 
1815, voted the sum of £500 to Mrs. E. Whitfield, as a reward for 
the ingenuity of her father, in discovering the apparatus for res¬ 
cuing persons in danger of losing their lives by shipwrecks. 

“ Little more remains to be said; his reputation as a man of 
sound practical science was now fully established, and in 1703 
he was presented by the Duke of Richmond, who had fre¬ 
quently witnessed his experiments and unreservedly expressed 
his high opinion of his abilities, with a commission as second 
lieutenant in the Royal Artillery. Somewhere about this time 
he was despatched on a secret expedition, which had for its 
object the destruction of the Dutch fleet in the Toxel, but 
which was abandoned. In January, 1794, he was promoted 
to the rank of first lieutenant in the Invalid Battalion in the 
same regiment, and ill this station continued till his death. 
Lieut. Bell died suddenly at tluoenborough, on the 1st June, 
1708, in the height ofljis successful career, whilst engaged in 
improving and fitting out the fire-ships th< re, after having de¬ 
voted his best energies to the service of his country, to the 
interests of science, anti to the cause of humanity, without 
lia\ ing reaped those pecuniary benefits which he might have 
reasonably anticipated as the reward of untiring exertions, ter¬ 
minating in a series of valuable discoveries.”— United Hen ke 
Journal . 


Photogenic Art — Engraving. 

* 4 

It was stated last week, that Dr. Berres, of Vienna, had 
discovered a method of fixing the impressions produced by 
Dagucrrcotyphy, by means of which these productions can be 
employed instead of engraved plates, and. copies therefrom 
printed, as in the course of the ordinary copper plates, &c. We 
now give a copy of the doctor’s account of his discovery:— 

“ It was announced in the Vienna Gazette of the 18th of 
April last, that I had succeeded in discovering a method by 
which I was enabled both permanently to lix the pictures pro¬ 
duced by the method of Daguerre, and to render them mail- 
able to all the purposes of, etchings upon copper, steel, &c. 
from which copies might be struck off to any extent, as in the 
case of ordinary engraved productions; and it was stated in 
the same newspaper, that l proposed bringing my discovery 
immediately before the public. 
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" As a .member of this distinguished society, I consider it 
my duty, first, to make known to this learned body a discovery 
which creates so much hope, and which promises so great a 
benefit to the arts and sciences. The well known expenses 
and difficulties attendant on the publication of an extensive 
work, requiring engravings as illustrations, led me, in the first 
instance, to hope that I might be enabled to render the dis- 
covery of Daguerre available by improvements, to represent 
and iix the objects necessary to my work; and the first view 
of a heliograplied picture aroused in me the 4pire also to re¬ 
present, in the same manner, microscopic onsets, although 
attempts, with the strongest lamplights, to prod se engravings 
or etchings had been unsuccessful, and the idea abandoned as 
hopeless, until revived by a sight of the liydro-oxygen gas 
microscope of M. Seliuh, of Berlin, an instrument which, in 
its power and clearness, has never before been equalled or even 
approached. On the 27th February last, I had the honour of 
laying before the learned body the results of the united in¬ 
vestigations of my distinguish*/d colleague, Professor de 
Ettingshausen, and myself updh this subject, and the per¬ 
fectly successful experiments of j icturqs prepared through the 
process of photography upon microscopic objects. Many 
specimens of the results of our researches and successful at¬ 
tempts to employ photography for s<*ientific and useful pur¬ 
poses are now placed before you for examination. Through 
this new method, the Daguerreotype is rendered more exten¬ 
sively available for scientific uses. Every object which is dis- 
ccmihlfi to the eye with clearness, can, in the future, through 
the means of the iodmed silver plates, be minutely etched, 
and, true to nature, (for she is herself the artist!) be copied 
with the minutest exactness. $ut the beautiful representa¬ 
tions which we are able to produce through the mlans of the 
Daguerreotype are liable to s, ‘<iany injuries, and are so deli¬ 
cate, fragile, and evanescent, that they never can he rendered 
available for illustrating works of science and other useful 
purposes. 

“ In a Fetersburgh newspaper, of March last, I first saw an 
account of some attempts to bring the Daguerreotype process 
into general use. In the meantime, M, Daguerre had declared, 
before the institute of Paris, the complete failure of all his at¬ 
tempts, by means of etching, to obtain the impression even of 
a single copy. 

<f The experiments at St. Petersfmrgli, and the hope of even¬ 
tual success, urged me to attempt to make some use of the 
Daguerreotype pictures; and I began, at the commencement 
of this month, my series of experiments. Without recapitu- 
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lating all these, in which I was assisted with cordial zeal by 
M. Francis Kratochwila (a gentleman in the employ of govern¬ 
ment), and by M. Schuh, who placed at my disposal an im¬ 
mense number of Daguerreotype plates, and before I come to 
an explanation of the process by which I render these Da¬ 
guerreotype pictures permanent and capable of further use, 

I consider it necessary to lay before this learned body the fol¬ 
lowing observations:— 

“ 1st, With the copper plates, as used at present in the 
Daguerreotype process, we can effect only the permanently 
fixing, never the etching and printing of copies therefrom. 

“ 2nd, For the heliographic etchings, it is necessary that the 
picture be produced with the required intensity, upon pure 
chemical silver plates. 

“ 3rd, The etching of the Daguerreotype picture is produced 
through the influence of nitric aaid, to be explained hereafter. 

“ 4tli, For the permanently fixing of the Daguerreotype im¬ 
pression, a galvanic power is necessary. 

“ 5th, For the elftm£ing of the Daguerreotype picture into 
a deep metal etching, so as td he used as a means of printing, 
the chemical process of etching is of itself sufficient. 

“ My newly discovered method of managing the Daguerreo¬ 
type pictures may be divided into two processes: 

“ 1st, The permanently fixing the design. 

“ 2nd, The changing of the design, when once permanently 
fixed, into an etching upon the plate. 

“ The method of permanently fixing the Daguerreotype pic¬ 
ture with a transparent metal coating consists in the following 
process:— 

“ I take the pictures produced ifl the usual manner, by the 
Daguerreotype process, hold, them for some minutes over a 
moderately-warmed nitric acid vapour, or steam, and then lay 
them in nitric acid of 13° to 14° Reaumur, in which a con¬ 
siderable quantity of copper or silver, or both together, has 
befen previously dissolved. Shortly after being placed therein, 
a precipitate of metal is formeqgsmd can now be changed to 
what degree of intensity I desire. I then take the heliographic 
picture coated with metal, plage it in water, clean it, dry it, 
polish it with chalk or magnesia and a dry cloth or soft lea¬ 
ther. After this process die coating will become clean, clear, 
and transparent, so that the picture can again be easily seen. 
The greatest care and attention are required in preparing the 
Daguerreotype impressions intended to be printed from. The 
picture must be carefully freed from iodine, and prepared upon 
a plate of the most chemically pure silver. 

** That the production of this picture should be certain of 
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succeeding, according to the experiments of M. Kratochwila, 
it is necessary to unite a silver with a copperplate; while, 
upon other occasions, without being able to explain the rea¬ 
sons, deep etchings or impressions are produced, without the 
assistance of the copper plate, upon pure silver plate. 

“ The plate will now, upon the spot where acid ought not to 
have dropped, be varnished ; then held for one or two minutes 
over a weak warm vapour or steam, of 25° to 30° (Reaumur), 
of nitric acid, and then a solution of gum arabic, of the con¬ 
sistence of honev, must be poured over it, and it must be 
placed in an horizontal position, with the impression upper¬ 
most, for some minutes. Then place the plate, by means of a 
.kind of double pincette, (whose ends are protected by a coating 
of asphalt or hard wood), in nitric acid, at 12° or 13° (Reaumur). 
Let the coating of gum slowly melt off or disappear, and com¬ 
mence now to add, though carefully and gradually, at a dis¬ 
tance from the picture, a oh it ion of nitric acid, of from 25° to 
33 J , l'or the purpose of deepening or increasing the etching 
power of the. solution. After the acid has arrived at lb 0 to 
17° (Reaumur), and gives off a'peculiar biting vapour, which 
powerfully affects the sense of smellwig, the metal becomes 
softened, and then, generally, the process commences chang¬ 
ing the shadow upon the plate into a deep engraving or etching. 
This is the decisive moment, and upon it must be bestowed the 
greatest attention. The best method of proving if the acid be 
strong enough is to apply a drop of tlie acid in which the plate 
now lies to another plate; if the acid make no impression, it 
is, of :?urse, necessary to continue adding nitric acid ; if, how¬ 
ever, it corrode too deeply, then it is necessary to add water, 
the acid being too strong. 4 The greatest attention must be be¬ 
stowed upon this process. If the acid has been too potent, a 
fermentation or white froth will cover the whole picture, and 
thus not alone the surface of the picture, but also the whole 
surface of the plate, will quickly be corroded. When, by a 
proper strength of the etching powers of the acid, a soft apd 
expressive outline of the picture shall be produced,; then may 
we hope to finish this undertaking favorably. We have now 
only to guard against an ill-measured division of the acid, and 
the avoidance of a precipitate. . To attain this end, I fre¬ 
quently lift the plate out of the fluid, taking care that the 
etching power shall be directed to whatever part of the plate it 
may have worked the least, and seek to avoid the bubbles and 
precipitate by a gentle movement of the acid. 

“ In this manner the process can be continued to the proper 
points of strength and clearness of etching required upon the 
plates from which it is proposed to print. I believe that a man 
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of talent, who might be interested with this art of etching, and 
who had acquired a certain degree of dexterity in preparing 
for it, would very soon arrive at the greatest clearness and per¬ 
fection; and, from my experience, I consider that lu* would 
soon be able to simplify the whole process. I have tried very 
often to omit the steaming and the gum arabic; but the result 
was not satisfactory, or the picture very soon after was entirely 
destroyed, so that I was compelled again to have recourse to 
them. 

“ The task which I have undertaken is now fully performed, 
by placing in the hands of this learned body my method of 
etching and printing from the Daguerreotype plates, which 
information, being united to the knowledge and mathematical 
experience we already possess, and published to the world, 
may open a road to extensive improvement in the arts and 
sciences. I5y thus laying open mv statement to the scientific 
world, I hope to pro\ e my devotion to the arts and sciences, 
which can end only with my life.” 


Discovery of the Mariners' Compass. 

9 

“ Much interest must for ever attach to the discovery of this 
instrument, and yet there are few subjects concerning which 
is less known. For a period, the honour of the invention was 
ascribed to Gioia, a pilot, or ship captain, born at Pasitano, 
a small village situated near Malphi, or Amalfi, about the end 
of the thirteenth century. Ilis claims, however, have been 
disputed. According to some, he did not invent but improve 
it; and according to others, he did neither. Much learning 
and labor have been bestowed upon the subject of the dis¬ 
covery. It has hcen maintained by one class, that even the 
Phoenicians were the inventors; by another, that the Greeks 
and Romans had a knowledge of it. Such notions, however, 
have been completely refuted. One passage nevertheless, of 
a ierv remarkable character, occurs in the work of Cardinal 
de Vifry, bjshop of Ptolemais, in Syria. He went to Pales¬ 
tine during the fourth crusade, about the year 1204; he 
returned afterwards to Europe,* and subsequently went back 
to the Holy Land, where he wrote his work entitled* “Historia 
Oriental^,” as nearly as *can he determined, between the years 
1215 and 1220. In chap, xci of thaf work he has this 
singular passage:—“ the iron needle, after contact with the 
loadstone, constantly turns to the north star, which, as the 
axis of the firmament, remains immoveable, whilst the others 
revolve; and hence it is essentially necessary to those navi- 
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gating on the ocean.” These words are as explicit as they 
are extraordinary; they state a'fact, and announce a use. 
The thing, therefore, which essentially constitutes the com- 

? ass, must have been known long before the birth of Gioia. 

u addition jto this fact, there is another equally fatal,to his 
claims as the original discoverer: it is now settled beyond a 
doubt, that the Chinese were acquainted witli the compass 
long before^the Europeans. It is certain that there are allu¬ 
sions to. the magnetic needle in the traditionary period of 
/ Chinese history^ about‘2,600 year's before Christ; and a still 
more credible account of ft is found in the reign of Ching- 
wang, of the Cbow dynasty, before Christ 1,114. All this, 
however, ttiay he granted, without in the least impairing the 
just claims of Gioia to the gratitude of mankind. ' The truth 
appears to be this j Jhe position of Gioia', in relation to the 
compass, was precisely that of Watt in relation to the steam 
engide—the element existed, he augmented its utility. * The 
compass used by the mariners in the Mediterranean, during 
the twelfth and thirteenth cCntures, was a very uncertain and 
unsatisfactory apparatus. It »oonsiste’d only of a magnetic 
needle floating in a vase or basih by means of two straws or 
a bit of cork supporting it on the surface of the water. The 
. compass used by the Arabians in the thirteenth century was 
an instrument of exactly the same description. Now. the in¬ 
convenience and inefficiency of such ah apparatus are obvious; 
the agitation of the ocean, and the tossing of the vessel, 
might render it useless in a moment. But Gioia placed the 
magnetized needle on a pivot, which- permits it to turn to all 
. sides, j;:ith facility. * Afterwards, was attached to a card, 
divided into thirty-two points, called Rose dcs Vents; and 
then the box containing it was suspended in such a manner, 
that howeyer the vessel might be tossed," it ’would always re¬ 
main horizontal. The result of an investigation participated 
by men of various nations,- and possessing the Highest degree 
of competency, nuy thu£ be stated# The discovery of the 
directive virtue of die magnet was made anterior to the time 
of Gioia. Before that period, navigators, both in the Medi¬ 
terranean and Indian seas, employed Jhe magnetic needle; 
but Gioia, by his invaluably improvement inthe principle of 
suspension, is fully’entitled to the honor of being considered 
the real inventor, in Europe, of ttl& compass as it now exists.”— 
Campbell's MarilimeDifScovery. * 
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§ 18. On Induction (continued). 51 vii. Conduction, or con¬ 

ductive discharge. *1! viii. Electrolytic discharge if ix. 
Disruptive discharge — Insulation — Spark — Brush — Dif¬ 
ference of discharge at the positive and negative surfaces 
of conductors. 

1318. J proceed now, according to my promise, Ex¬ 
amine, by the £reat facts of electrical science, that theory of 
induction which I have ventured to put forth (1165. 1295. &c.) 
The principle of induction is so universal that it pervades all 
electrical phenomena; but the general case which I purpose 
at present to go into, consists of insulation traeed into and 
terminating with discharge, with the accompanying effects. 
This ease includes the various modes of discharge, and also 
the condition and characters of a current; the elements of 
magnetic action being amongst the latter. I shall necessarily 
have occasion to speak theoretically, and,even hypothetically; 
and though these paper? prpfess to be experimental researches, 
I hope that, considering the facts -and investigations contained 
in the last series in support of the particular view advanced, 
Vol. V — No., 2 % August, 18^. . B 
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I shall not bo considered as taking too much liberty on the 
present occasion, or as departing too far from the character 
which they ought to have, especially as I shall use every 
opportunity which presents itself of returning to that strong 
test of truth, experiment. 

1319. Induction has as yet been considered in these papers 
only in cases of insulation;—opposed to insulation is discharge. 
The action or effect which may be expressed by the general 
term discharge , may take place, as far as we are aware at 
present, in several modes. Thus, that which is simply called 
conduction involves no chemical action, and apparently no 
displacement of the particles concerned. A second mode 
may be called electrolytic discharge ; in it chemical action 
does occur, and particles must, to a certain degree, be dis¬ 
placed. A third mode, namely, that by sparks or brushes 
may, because of its violent displacement of the particles of the 
dielectric in its course, be called the disruptive discharge ; 
and a fourth may, perhaps, be conveniently distinguished for 
a time by the words convection , or carrying discharge , being 
that in which discharge is effected either by the carrying 
power of solid particles, or those of gases and liquids. Here¬ 
after, perhaps, all these modes may appear as the result of 
one common principle, but at present they require to be con¬ 
sidered apart; and I will now speak of the first mode, for 
amongst all the forms of discharge that which we express hy 
the term conduction appears the most simple and the most 
directly in contrast with insulation. 

• vii. Conduction , or conductive discharge. 

1320. Though assumed to be essentially different, yet neither 
Cavendish nor Poisson attempt to explain by, or even state 
in, their theories, what the essential difference between insu¬ 
lation and conduction is. Nor have I anything, perhaps, to 
offer in this respect, except that, according to my view of 
induction, both it and conduction depend upon the same mole¬ 
cular, action of the dielectrics concerned; are only extreme 
degrees of one common condition or effect; and in any suffi¬ 
cient mathematical theory of electricity must be taken as cases 
of the same kind. Hence the importance of the endeavour 
to shew the connexion between them under my theory of the 
electrical relations of contiguous particles. 

1321. Though the action of the insulating dielectric in the 
charged Leyden jar, and that of the wire in discharging it, may 
seentvery different, they may be associated by numerous inter¬ 
mediate links, which carry us on from one to the other, leaving, 
I think, uo necessary connexion unsupplied. We may ob- 



Dr. Faraday’s Researches in Electricity. 83 

servo some of these in succession for information respecting 
the whole case. 

1322. Spermaceti has been examined and found to be a die¬ 
lectric, through which induction can take place (1240. 1246), 
its specific inductive capacity being about or above 1 ’8 (1279,) 
and the inductive action has been considered in it, as in all other 
substances, an action of contiguous particles. 

1323. But spermaceti is also a conductor , though in so low a 
degree that we can trace the process of conduction, as it were, 
step hy step through the mass (1247.); and even when the 
electric force has travelled through it to a certain distance, we 
can, by removing the coercitive (which is at the same time 
the inductive) force, cause it to return upon its path and re¬ 
appear in its first place (1245.1246.) Here induction appears 
to be a necessary preliminary to conduction. It, of itself, brings 
the contiguous particles of the dielectric into a certain condition, 
which, if retained by them, constitutes insulation , but if low¬ 
ered by the communication of power from one particle to 
another, constitutes, conduction. 

1324. If glass or shell-lac, be the substances under consider¬ 

ation, the same capabilities of suffering either induction or con¬ 
duction through them Appear (l 233.1239.1247.), but not in the 
same degree. The conduction almost disappears (1239.1242.); 
the induction therefore is sustained, i. e. the polarized state 
into which the inductive force hits brought the contiguous par¬ 
ticles is retained, there being little discharge action between 
them, and therefore the insulation continues. But, what dis¬ 
charge there is, appears to be consequent upon that condition 
of the particles into which the induction throws them; 'and thus 
it is that ordinary insulation and conduction are closely asso¬ 
ciated together, or rather are extreme cases of one common 
condition. ” 

1325. In ice or water we have a better conductor than sperm¬ 
aceti, and the phenomena of induction and insulation therefore 
quickly disappear, because conduction quickly follows upon 
me assumption of the inductive state. But let a plate of cold 
ice have metallic coatings on its sides, and connect one of 
these with a good electrical machine in work, and the other 
with the ground, and it then becomes easy to observe the 
phenomena of induction through die ice, by the electrical ten¬ 
sion which can be obtained and continued on both the coatings 
(419. 426;) For although that portion of power which at one 
moment gave the inductive condition to the particles is at the 
next lowered by the consequent discharge due to the conduc¬ 
tive act, it is succeeded by another portion of force from the 
machine to restore the inductive state. If the ice be converted 
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into water, the same succession of actions can be just as easily 
proved, provided the water be distilled, and, (if the machine 
be not powerful enough) a voltaic battery be employed. 

1326. All these considerations impress my mind strongly with 
the conviction, that insulation and ordinary conduction cannot 
be properly separated when we are examining into their nature; 
that is, into the general law or laws under which their phe¬ 
nomena are produced. They appear to me to cousist in an 
action of contiguous particles, dependent on the forces devel¬ 
oped in electrical excitement; these forces bring the particles 
into a state of tension or polarity, which constitutes both induc¬ 
tion and insulation; anti being in this state, the continuous 
particles have a power or capability of communicating their 
forces one to the other, by which they are lowered, and dis¬ 
charge occurs. Every body appears to discharge (444) ; but 
the possession of this capability in a greater or smaller degree 
in different bodies, makes their better or worse conductors, 
worse or better insulators ; and both induction and conduction 
appear to be the same in their principle and action (1320.), 
except that in the latter an effect common to* both is raised to 
the highest degree, whereas in the former it occurs in the best 
eases, in only an almost insensible quantity. 

1327. That in our attempts to penetrate into the nature of 
electrical action, and to deduce laws more general than those 
we are at present acquainted with, wc should endeavor to bring 
apparently opposite effects to stand side by side in harmonious 
arrangement, is an opinion of long standing, and sanctioned 
by the ablest philosophers. I hope, therefore, I may be ex¬ 
cused the attempt to look at the highest cases of conduction 
as analagous to, or even the same in kind with, those of induc¬ 
tion and insulation. 

1328. If we consider the slight penetration of sulphur (1241. 
1242.) or shell-lac (1234.) by electricity, or the feebler insulation 
sustained by spermaceti (1279. 1240.), as essential conse¬ 
quences and indications of their conducting power, then may 
we look on the resistance of metallic wires to the passage of 
electricity through them as insulating power. Of the numer¬ 
ous well known eases fitted to shew this resistance in what are 
called the perfect conductors, jtho experiments of JProfcssor 
Wheatstone best serve my present purpose, since they were 
carried to such an extent as to shew that time entered as an 
element into the conditions of conduction* even in metals. 
W T hen discharge was made through a copper wire 2640 feet 
in length, and l-15th of an inch in diameter, so that the lu- 


* Philosophical Transactions, 1831. p, .>83. 
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iniuous sparks at each end of the wire, and at the middle, 
could be observed in the same place, the latter was found to 
be sensibly behind the two former in time, they being by the 
conditions of the experiment, simultaneous. Hence a proof 
of retardation ; and what reason can be given why this retard¬ 
ation should not be of the same kind as that in spermaceti, or 
in lac, or sulphur ? But as, in them, retardation is insula¬ 
tion, and insulation is induction, why should we refuse the 
sam.T relation to the same exhibitions of force in the metals. 

1329. We learn from the experiment, that if lime be allowed 
retardation is gradually overcome ; and the same thing obtains 
for the spermaceti, the lac, and glass ; give but time in pro¬ 
portion to the retardation, and the latter is at last vanquished. 
But if that be the case, and all the results ^e alike in kind, 
the only difference being in the length of time, w hy should we 
refuse to metals the previous inductive action, which is ad¬ 
mitted to occur in the other bodies ? The diminution of time 
is no negation of the action ; nor is the lower degree of tension 
requisite to cause the? forces to traverse the metal, as compared 
to that necessary in the cases of water, spermaceti, or lac. 
These differences would only point to the conclusion, that in 
metals the particles Under induction can transfer their forces 
when at a lower degree of tension or polarity, and with greater 
facility than in the instances of the other bodies. 

1330. Let us look at Mr. Wheatstone’s beautiful experiment 
in another point of view. If, leaving the arrangement at the 
middle and two ends of the long copper wire unaltered, we 
remove the two intervening portions and replace them by 
wires of iron or platina, we shall have a much greater retar¬ 
dation of the middle spark than before. If, removing the 
iron, we were to substitute for it only five or six feet of water 
in "a cylinder of the same' diameter as the metal, we should 
have still greater retardation. If from water we passed to 
spermaceti, either directly hr by gradual steps through other 
bodies, (even thoug;h wo might vastly enlarge the bulk, for 
the purpose of evading the occurrence of a spark elsewhere 
(1331.) than at the three proper intervals,) we shquld have 
still greater retardation, until at last we might arrive, by 
degrees so small as to Ire inseparable from each other, at 
actual and permanent insulation.. What, then, is to separate 
the principle of these two extremes, perfect conduction and 
perfect insulation, from each other; since the moment we 
leave in the smallest degree perfection at either extremity, we 
involve the element of perfection at the opposite end ? 
Especially too, as we have not in nature the case of perfection 
either at one extremity or the other, either of insulation or 
conduction. 
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1331. Again, to return to this beautiful experiment in the 
various forms which may be given to it: the forces are not all 
in the wire (after they have left the Leyden jar) during the 
whole time (1328.) occupied by the discharge; they are dis¬ 
posed in part through the surrounding dielectric under the 
well-known form of induction; and if that dielectric be air, 
induction takes place from the wire through the air to sur¬ 
rounding conductors, until the ends of the wire are electri¬ 
cally related through its length and discharge has occurred, 
i. e. for the time during which the middle spark is retarded 
beyond the others. This is well shewn by the old experiment, 
in which a long wire is so bent that two parts (Plate 2, 
fig. 1. a. b.) near its extremities shall approach within a short 
distance, as a quarter of an inch, of each other in the air. If 
the discharge of a Leyden jar, charged to a sufficienfcdegree, 
be sent through such a wire, by far the largest portion of the 
electricity will pass as a spark across the air at the interval, 
and not by the metal. Docs not the middle part of the wire, 
therefore, act here as an insulating medium, though it be of 
metal ? and is not the spark through the air an indication of 
the tension (simultaneous with induction) of the electricity in 
the ends of this single wire ? Why should not the wire and 
the air both be regarded at dielectrics ; and the action at its 
commencement, and whilst there is tension, as an inductive 
action ? If it acts through the contorted lines of the wire, so 
it also doe# in curved lines through air (1219. 1224.), and 
’ other insulating dielectrics (1228.) ; and we can apparently 
go so far in the analogy, whilst limiting the case to tne induc¬ 
tive action only, as to shew that amongst insulating dielectrics 
some lead* away the lines of force from others (1229.), as the 
wire will do from worse conductors, though in it the principal 
effect is no doubt due to the reidy discharge between the 
particles whilst in a low state of tension. The retardation is 
for the time insulation; and it seems to me we may just as 
fairly, compare the air at the interval a, 6, (fig. 1.) and the. 
wire in the circuit, as two bodies of the same kind and acting" 
lapon the same principles, as far as the first inductive pheno¬ 
mena are concerned, notwithstanding the different forms of 
discharge which ultimately follbw,* as we may compare, 
according to Coulomb’s investigations^ different lengths of 
different insulating bodies required to produce the same 
amount of insulating effect. 

• These will be examined hereafter (1318, &c.) 

+ Me moires de 1’ Acadcmie, 1786, p. 612, or Encv. Britann. First Supp. 
▼ol. 1, p. 611. ' 
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1332 This comparison is still more striking when we take 
into consideration the experiment of Mr. Harris, ’in which he 
stretched a fine wire across a glass globe, the air within being 
rarefied.* On sending a charge through the joint arrange¬ 
ment of metal and rare air, as much, if not more, electricity 
passed by the latter as by the former. In the air, rarefied as 
it was, there can be no doubt the discharge was preceded by 
induction (1284.); and to my mind all the circumstances 
indicate that the same was the case with the metal; that, in 
fact, both substances are dielectrics, exhibiting the same effects 
in consequence of the action of the same causes, the only 
variation . being one of degree in the different substances 
employed. 

1333. Judging on these principles, velocity of discharge 
through the same wire may be varied greatly by attending to 
the cirumstances which cause variations of discharge through 
spermaceti or sulphur. Thus, for instance, it must vary 
with the tension or intensity of the first urging force (1234. 
1240.), which tension is charge and induction. So if the two 
ends of the wire,'in Professor Wheatstone’s experiment, were 
immediately connected with two large insulated metallic sur¬ 
faces exposed to the “air, so that the primary act of induction, 
after making the contact for discharge, might be in part 
removed from the internal portion of the wire at the first 
instant, and disposed for the moment on its surface jointly 
with the air and surroundiug conductors, then Ju venture to 
anticipate that the middle spark would be more retarded than 
before ; and if these two plates were the inner and outer coating 
of a large jar or a Leyden battery, then the retardation ofthat 
spark would bo still greater. 

1334. Cavendish was perhaps the first to shew distinctly 
that discharge was not always by one channel,f but, if several 
are present, by many at once. We may make these different 
channels of different bodies, and by proportioning their thick¬ 
nesses and lengths, may include such substances as air* lac, 
•spermaceti, water, protoxide of iron, iron and silver, and by 
one discharge make each convey its proportion of the electric 
force. Perhaps the air ought to be excepted, as its discharge 
by conduction is questionable at present; but the others may 
all be limited in their mode of discharge to pure conduction. 
Yet several of them suffer previous induction, precisely like 
the induction through the air, it being a necessary preliminary 
to their discharging action. How can we therefore separate 

* Philosophical Transactions, 1834, p. 243. 

f Philosophical Transactions, 1776, p. 197. 
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any one of these bodies from the others, as to the principles 
and mode of insulating and conducting, except by mere de¬ 
gree ? All seem to me to he dielectrics acting alike, and under 
the same common laws. 

1335. I might draw another argument in favor of the 
general sameness, in nature and action, of good and bad con¬ 
ductors (and all the bodies I refer to are conductors more or 
less), from the perfect equipoise in action of very different 
bodies when opposed to each other in magneto-electric induc¬ 
tive action, as formerly described (213.), but am anxious to 
he as brief as is consistent with the clear examination of the 
probable truth of mv views. 

1336. With regard to the possession by the gases of any 
conducting power of the simple kind now under consideration, 
the question is a very difficult one to determine at present. 
Experiments seem to indicate that they do insulate certain 
low degrees of tension perfectly, and that the effects which 
may have appeared to be occasioned by conduction have been 
the result of the carrying power of the charged particles, 
either of the air or of dust, in it. , It is equally certain, how¬ 
ever, that with higher degrees of tension or charge they dis¬ 
charge to one another, and that is conduction. Jf they possess 
the power of insulating a certain low degree of tension con¬ 
tinuously and perfectly, such a result may be due to their 
peculiar physical state, and the condition of separation under 
which their particles are placed. But in that, or in any case, 
we must not forget the fine experiments of Cagniard de la 
Tour,* in which he has shewn that liquids and their vapors 
can be made to pass gradually into each other, to the entire 
removal of any marked distinction of the two states. Thus, 
hot dry steam and cold water pass by insensible gradations 
into each other; yet the one is amongst the gases as^an insu¬ 
lator, and the other a comparatively good conductor. As to 
conducting power, therefore, the transition froift metals even 
up to gases is gradual; substances make but one series in this 
respect, and the various cases must come under one condition 
and law (444.) The specific differences of bodies as to con¬ 
ducting power only serve to strengthen the general argument 
that conduction, like insulation* is a result of induction, and 
is an action of contiguous particles. 

1337. I might go on now to consider induction and its 
concomitant, conduction , through mixed dielectrics, as, for 
instance, when a charged body, instead of acting across air 
to a distant uninsulated conductor, acts jointly through it and 

1 Aiinalc?<i<'Chimie, xxi. pp.127.178. or Quarterly Journal of Science, xr.H.V 
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an interposed insulated conductor. In such a case, the air 
and the conducting body are the mixed dielectrics*; and the 
latter assumes a polarized condition as a mass, like that which 
ray theory assumes each particle of the air to possess at the 
same time. But I fear to be tedious in the present condition 
of the subject, and hasten to the consideration of other matter. 

1338. To sum up, in some degree, what has been said, I 
look upon the first effect of an excited body upon neighbouring 
matters to be the production of a polarized state of their par¬ 
ticles, which constitutes induction ; and this arises from its 
action upon the particles in immediate contact with it, which 
again act upon those contiguous to them, and thus the forces 
are transferred to a distance. If the induction remain undi¬ 
minished, then perfect insulation is the consequence; and 
.he higher the polarized condition which the particles can ac¬ 
quire or maintain, the higher is the intensity which may be 
given to the acting forces. If, on the contrary, the contigu¬ 
ous particles, upon acquiring the polarized state, have the 
power to communicate their forces, then conduction occurs, 
and the tension is lowered, conduction being a distinct act of 
discharge between neighbouring particles. The lower the 
state of tension at which this discharge between the particles 
of a body takes place, the better conductor is that body. In 
this view, insulators may be said to be bodies whose particles 
can retain the polarized state: whilst conductors are those 
whose particles cannot be permanently polarized. If I be 
right in my view of induction, then I consider the reduction 
of these two effects (which have been so long held distinct.) to 
an action of contiguous particles obedient to one common law, 
as a very important result; and, on the other hand, the 
identity of character which the two acquire when viewed by 
the tfieonjr (1326.), is additional presumptive proof in favor 
of the correctness of the latter. 


.1339. That heat has great influence over simple conduction 
is‘well known (445.), its effect being, in some cases, almost 
an entire change of the characters of the body (432. 1340.) 
Harris has, however, shewn that it in no respect affects gas¬ 
eous bodies, or at least air;* and Davy has taught us that, as 
a class, metals have their conducting power diminished by it.f 
1340. I formerly described a substance, sulphuretof silver, 
whose conducting power was increased by heat (433. 437. 
438.); and I have since then met with another as strongly 

* Philosophical Transactions, 1334, p. 230, 

+ Ibid. 1821, p. 431. 
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affected in the same way : this is fluoride of lead. When a 
piece of that substance, which had been fused and cooled, was 
introduced into the circuit of a voltaic battery, it stopped the 
current. Being heated, it acquired conducting powers before 
it was visibly red hot in daylight; and even sparks could be 
taken against it whilst still solid. The current alone then 
raised its temperature (as in the case of sulphuret of silver) 
until it fused, after which it seemed to conduct as well as the 
metallic vessel containing it; for whether the wire used to 
complete the circuit touched the fused fluoride only, or was in 
contact with the platina on which it was supported, no sensible 
difference in the current was observed. During all the time 
there was scarcely a trace of decomposing action on the 
fluoride, and what did occur seemed referable to the air and 
moisture of the atmosphere, and not to electrolytic action. 

1341. I have now very little doubt that periodide of mer¬ 

cury (414. 448. 091.) is a case of the same kind, and also 
corrosive sublimate (092). 1 am also inclined to think, since 

making the above experiments, that the anomalous action of 
the protoxide of antimony, formerly observed and described 
(093. 801.), may be referred in part to the same cause. 

1342. I have no intention at present of going into the par¬ 
ticular relation of heat and electricity, but we may hope here¬ 
after to discover by experiment the law which probably holds 
together all the above effects with those of the evolution and 
the disappearance of heat by the current, and the striking and 
beautiful results of thermo-electricity, in one common bond. 

' *! viii. Electrolytic Discharge. 

1343. I have already expressed in a former paper (1104.) 
the view bv which 1 hope to associate ordinary inductio'n and 
electrolyzation. Under that view, the discharge of elec¬ 
tric forces by electrolyzation is rather an effect superadded, 
in a certain class of bodies, to those already described as con¬ 
stituting induction and insulation, than one independent- of, 
and distinct from, these phenomena. 

1344. Electrolytes, as respects their insulating and con¬ 
ducting forces, belong to the general category of bodies 
(1320. 1334.); and if they arc in the solid state (as nearly all 
can assume that state), they retain their place, presenting 
then no new phenomenon (420, &c.); or if one occur being 
in so small a proportion as to be almost unimportant. When 
liquefied, they also belong to the same list whilst the electric 
intensity is below a certain degree; but at a given intensity 
(910.912.1007.), fixed for each, and very low in all known cases, 
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they play a new part, causing discharge in proportion (783.) 
to the developcment of certain chemical effects of combination 
and decomposition; and at this point, move out from the 
the general class of insulators and conductors, to form a dis¬ 
tinct one by themselves. The former phenomena have been 
considered (1320. 1338.) ; it is the latter which have now to 
be revised, and used as a test of the proposed theory of 
induction. 

1345. The theory assumes, that the particles of the dielec¬ 
tric (now an electrolyte) are in the first instance brought, by 
ordinary inductive action, into a polarized state, and raised to 
a certain degree of tension or intensity before discharge com¬ 
mences ; the inductive state being, in fact, a necessary 
preliminary to discharge. By taking advantage of those cir¬ 
cumstances which bear upon the point, it is not difficult to 
increase the tension indicative of this state of induction, and 
so make the state itself more' evident. Thus, if distilled 
water be employed,and a long narrow portion of it placed 
between the electrgdc* of a powerful voltaic battery, we have 
at once indications of the intensity which can be sustained at 
these electrodes by the inductive action through the water as 
a dielectric, for sparks *may be obtained, gold leaves diverged, 
and Leyrlen bottles charged at their wires. The water is in 
the condition of the spermaceti (1322.1323.), a bad conductor 
and a bad insulator ; but what it does insulate is by virtue of 
inductive action, and that induction is the preparation for, and 
precursor of, discharge (1338.) 

1340. The induction and tension which appear at the limits 
of the portion of water in the direction of the current, tfte only 
the sums of the induction and tension of the contiguous par- 
ticleg between those limits; and the limitation of the inductive 
tension, to a certain degree Shews (time entering in each case 
as an important element of the result), that wheu the par¬ 
ticles have acquired a certain relative state, discharge , or a 
transfer of forces equivalent to ordinary conduction, takes 
place. 

1347. In the inductive condition assumed by water before 
discharge comes on, the particles polarized are the particles 
of the water , that being the dielectric used; but the discharge 
between particle and particle is not, as before, a mere inter¬ 
change of their powers or forces at the polar parts, but an 
actual separation of them into their two elementary particles, 
the oxygen travelling in one direction, and carrying with it 
its amount of the force it had acquired during the polarization, 
and the hydrogen doing the same thing in the other direction, 
until they each meet the next approaching particle, which is 

/ 
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in the same electrical state with that they have left, and by 
association of their forces with it, produce what constitutes 
discharge. This part of the action may be regarded as a 
carrying one (1319.), performed by the constituent parti¬ 
cles of the dielectric. The latter is always a compound 
body (664. 823.); and by those who have considered the 
subject and are acquainted with the philosophical view of 
transfer which was first put forth by Grotthuss,* its particles 
may easily bo compared to a series of metallic conductors un¬ 
der inductive action, which, whilst in that state, are divisible 
into these elementary movable halves. 

1348. Electrolytic discharge depends, of necessity, upon 
the non-conduction of the dielectric as a whole, and there are 
two steps or acts in the process : first a polarization of the 
molecules of the substance, and then a lowering of the forces 
by the separation, advance in opposite directions, and recom¬ 
bination of the elements of the molecules, they being, as it 
were, the halves of the originally polarized conductors or 
particles. 

1349. These views of the decomposition of electrolytes and 
the consequent effect of discharge, which, as to the particular 
case, are the same with those of Grotthuss (481.) and Davy 
•(482.), though they differ from those of Biot (48/.) De la 
ltive (490.), and others, seem to me to be fully in accordance 
not merely with the theory I have given of induction generally 
(1165.), but with all the known facts of common induction, 
conduction, and electrolytic discharge; and in that respect 
help to confirm, in my mind, the truth of the theory set forth. 
The new mode of discharge which electrolyzation presents 
must surely be an evidence of the action of contiguous 'par¬ 
ticles ; and as this appears to depend directly upon a previous 
inductive state, which is the same with common induction, it 
greatly strengthens the argument which refers induction in all 
cases to an action of contiguous particles also (1295, &c.). 

1350. As an illustration of the condition of the polarised 
particles in a dielectric under induction, I may describe an 
experiment. Put into a glass vessel some clear rectified oil 
of turpentine, and introduce two wires passing through glass 
tubes where they are at the Surface of the fluid, and termi¬ 
nating either in balls or points. Cut some very clean dry 
white silk into small particles, and put these also into the li¬ 
quid; then electrify one of the wires by an ordinary machine 
and discharge by the other. The silk will immediately gather 
from all parts of the liquid, and form a band of particles 


» Annals ile Cliimic, Ixviii. W and lxiii. *i0. 
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reaching from wire to wire, and if touched by a glacis rod will 
shew considerable tenacity; yet the moment the supply of 
electricity ceases, the band will fall away and disappear by 
the dispersion of its parts. The conduction by the silk is 
in this case very small; and after the best examination I 
could give to the effects, the impression on my mind is, that 
the adhesion of the whole is due to the polarity which each 
filament acquires, exactly as the particles of iron between the 
poles of a horse-shoe magnet are held together in one mass by 
a similar disposition of forces. The particles of silk therefore 
represent to me the condition of the molecules of the dielec¬ 
tric itself, which I assume to be polar, just as that of the silk 
is. In all cases of conductive discharge the contiguous polar¬ 
ized particles of the body are able to effect a neutralization 
of their forces with greater or less facility, as the silk does 
also in a very slight degree. Further we are not able to 
carry the parallel, except in imagination; but if we could 
divide each particle of silk into two halves, and let each half 
travel until it met and united with the next half in an opposite 
state, it would then exert its carrying power (1347.), and so 
far represent electrolytic discharge. 

1351. Admitting tifat electrolytic discharge is a conse¬ 
quence of previous induction, then how evidently do its 
numerous cases point'to induction in curved lines (1216.), 
and to the divergence or lateral action of the lines of induc¬ 
tive force (1231.), and so strengthen that part of the general 
argument in the former paper ! If two balls of platina, form¬ 
ing the electrodes of a voltaic battery, are put into a large 
vessel of dilute sulphuric acid, the whole of the surfaces are 
covered with the respective gases in beautifully regulated pro¬ 
portions, and the mind has no difficulty in conceiving the di¬ 
rection of the curved lines of discharge, and even the intensity 
of force of tlm different lines by the quantity of gas evolved 
upon the different parts of the surface. Hence the general 
effects of diffusion ; the appearance of the anions or cathions 
rbund the edges on the further side of the electrodes when in 
the form of plates; the manner in which the current or dis¬ 
charge will follow all the forms of electrolyte, however con¬ 
torted. Hence the effects which Nobili has so well examined 
and described* in his papers on the distribution of currents 
in conducting masses. All these effects indicate the direction 
of the currents or discharges which occur in and through 
the dielectrics, and these are in every case preceded by 
equivalent induetive actions of the contiguous particles. 

* Biblinthcquc Unlrersellc, l$35, lix.263, -116. 
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1352. lienee also the advantage, when the exciting forces 
are weak or require assistance, of enlarging the mass of the 
electrolyte; of increasing the size of the electrodes; of 
making the coppers surround the zincs :—all is in harmony 
with the view of induction which I am endeavoring to examine; 
I do not perceive as yet one fact against it. 

1353. There are many points of electrolytic discharge which 
ultimately will require to be very closely considered, though 
I can but slightly touch upon them. It is not that, as far as 
I have investigated them, they present any contradiction to 
the view taken (for I have carefully, though unsuccessfully, 
sought for such cases), but simply want of time as yet to 
pursue the inquiry, which prevents me from entering upon 
them here. 

1354. One point is, that different electrolytes or dielectrics 
require different initial intensities for their decomposition 
(91*2). This may depend upon the degree of polarization 
which the particles require before electrolytic discharge 
coiniflenc.es. It is in direct relation to- the chemical affinity 
of the substances concerned ; and will probably be found to 
have a relation or analogy to the specific inductive capacity 
of different bodies (1252. 129(b). It thus promises to assist 
in causing the great truths of those extensive sciences, which 
are occupied in considering the forces of the particles of 
matter, to fall into much closer order and arrangement than 
they have heretofore presented. 

1355. Another point is, the facilitation of electrolytic 
conducting power or discharge by the addition of substances 
to the dielectric employed. This effect is strikingly shewn 
where water is the body whose qualities are impro\ed, but, as 
yet, no general law governing all the phenomena has been de¬ 
tected. Thus some acids, as the sulphuric, phosphoiic, oxalic, 
and nitric, increase the power of water enormously; whilst 
others, as the tartaric, and citric acids, give but little power; 
and others, again, as the acetic and boracie acids, do rot 
produce a change sensible to the voltameter (739.). Ammonia 
produces no effect, but its carbonate does. The caustic 
alkalies and their carbonates produce a fair effect. Sulphate 
of soda, nitre (753.), and mafiy soluble salts produce much 
effect. Percyanide of mercury and corrosive sublimate pro¬ 
duce no effect; nor does iodine, gum, or sugar, the test being 
a voltameter. In many cases the added substance is acted 
on either directly or indirectly, and then the phenomena are 
more complicated ; such substances arc muriatic acid (758.), 
the soluble protochlorides, (760.), and iodides (769.), nitric 
acid (752.), Sc c. In other cases the substance added is not, 
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when alone, subject to, or, a conductor of the po\vers of the 
voltaic battery, and yet both gives and receives power when 
associated with water. M. de la Rive has pointed this result 
out ill sulphurous acid,* iodine and brominef; the chloride of 
arsenic produces the same effect. A. far move striking case, 
however, is presented by that very influential body sulphuric 
acid (581.), aud probably phosphoric acid also is in the same 
peculiar relation. 

1356. It would seem in the cases of those bodies which 
suffer no change themselves, as sulphuric acid (and perhaps 
in all), that they affect water in its conducting power only as 
an electrolyte ; for whether little or much improved, tile decom¬ 
position is proportionate to the quantity of electricity passing 
(727. 730.), and the transfer is therefore due to electrolytic 
discharge. This is in accordance with the fact already stated 
as regards water (984.) e that the conducting power is not 
improved for electricity of force below the electrolytic inten¬ 
sity of the substance acting as the dielectric; but both facts 
(and some others). ai;c against the opinion which I formerly 
gave, that the power of salfcs, &c, might depend upon their 
assumption of the liquid state by solution in the water 
employed (410.). It ^occurs to me that the effect may perhaps 
be related to, and have its explanation in differences of specific 
inductive capacities. « 

1357. I have described in the last paper, cases, where 
shell-lac was rendered a conductor by absorption for ammonia 
(1294.). The same effect happens with muriatic acid; yet 
both these substances, when gaseous, are non-conductors; and 
the ammonia, also when in strong solution (748.). Mr. 
Harris has mentioned instances^ in which the conducting 
power of metals is seriously altered by a very little alloy. 
These may have no relation to the former cases, but never¬ 
theless should not be overlooked in the general investigation 
which the whifle question requires. 

r 1358. Nothing is perhaps more striking in that class of 
dielectrics which we call electrolytes, than the extraordinary 
and almost complete suspension of their peculiar mode of 
effecting discharge when they are rendered solid (380, &c.), 
even though the intensity of* the induction acting through 
them may be increased a hundred fold or more (419.). It 
not only establishes a very general relation between the 
physical properties of these bodies and electricity acting by 

* Quarterly Journal, xxvii. 407. or Bibliolheque Umverscllc, xl. 2<>.5. Kemp 
says sulphurous add is a very sfood conductor, Quarterly Journal, 1831, p. 613. 

f Quarterly Journal, xxiv. 400, or Annales dc Chiraie, xxxv. 161. 

t Philosophical Transactions, 1827, p 22. 
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induction through them, but draws both their physical and 
chemical relations so near together, as to make us hope we 
shall shortly arrive at the full comprehension of the influence 
they mutually possess over each other. 

*f ix Disruptive discharge and insulation . 

1359. The next form of discharge has been distinguished 
by the adjective disruptive (1319.), as it in every case displaces 
more or less the particles amongst and across which it suddenly 
breaks. I include under it, discharge in the form of sparks, 
brushes and glow (1405.), but exclude the cases of currents 
of air, fluids &c, which, though frequently accompanying the 
former, are essentially distinct in their nature. 

1300. The conditions requisite for the production of an elec¬ 
tric spark in its simplest form are well known. An insulating 
dielectric must be interposed between two conducting surfaces 
in opposite states of electricity, and then if the actions bo 
continually increased in strength, or otherwise favored, 
either by exalting the electric state of the’two‘conductors, or 
bringing them nearer to each other, or diminishing the density 
of the dielectric, a spark at last appears,and the two forces 
are for the time annihilated, for discharge has occurred. 

1361. The conductors (which may be considered as the 
termini of the inductive action) are in ordinary cases most 
generally metals, whilst the dielectrics usually employed are 
common air and glass. In my view of induction, however, 
every dialectric becomes of importance, for as the results are 
consicTered essentially dependent on these bodies, it was to be 
expected that differences of action, never before suspected, 
would- be evident upon cloSe examination, and so at once give 
fresh confirmation of the theory,* and open new doors of dis¬ 
covery into the extensive and varied fields of our science. 
This hope was especially entertained with resjfcct to the gases, 
because of their high degree of insulation, their uniformity in 
physical condition, and great difference in chemical properties. 

1362. All the effects prior to the discharge are inductive; 
and the degree of tension which it is necessary to attain before 
the spark passes is, therefore* in the examination I am now 
making of the new view of induction, a very important point. 
It is the limit of the influence which the dielectric exerts in 
resisting discharge; it is a measure, consequently, of the con¬ 
servative power of the dielectric, which in its turn may be 
considered as becoming a measure, and therefore a representa¬ 
tive of the intensity of the electric forces in activity. 

1363. Many philosophers have examined the circumstances 
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of this limiting action in air, but, as far as 1 know, .none h,ive 
come near Mr. Harris as to the accuracy with, and the extent 
to, which he has carried on his investigations.* Some of his 
results I must very briefly notice, premising that they arc all 
obtained with the use of air as the dielectric be tv* ecu the con¬ 
ducting surfaces. 

1364. First as to the distance between the two balls used, 
or in other words, the thickness of the dielectric across which 
the induction was sustained. The quantity of electricity, 
measured by a unit jar or otherwise on the same principle with 
the unit jar, in the charged or inductive ball, necessary to 
produce spark discharge, was found to vary exactly with the 
distance between the balls, or between the discharging points, 
and that under very varied and exact forms of experiment.! 

1365. Then with respect to variation in the pressure or 
density of the air. 'Flic quantities of electricity required to 
produce discharge across a constant interval varied exactly 
with variations of the density ; the quantity of electricity and 
density of the air bpiug in the same simple ratio. Or, if the 
quantity was retained the same, whilst the interval and the 
density of the air were varied, then these were found in the 
inverse simple ratio of vacli other, the same quantity passing 
across twice the distauce with air rarefied to one half4 

1366. It must be remembered that these effects take place 
without any variation of the inductive force by condensation 
or rarefaction of the air. That force remains the same in 
air,§ aud in ail gases (1284. 1292), whatever their rarefac¬ 
tion may be. 

1367. Variation of the temperature of the air produced no 
variation of the quantity of electricity required to cause 
discharge across a given interval.j| * 

Such are the general result's, which I have occasion for at 
present, obtained by Mr. Harris, and they appear to me to be 
unexceptionable. 

1368. In the theory of induction founded upon a molecular 
action of the dielectric, we have to look at the state of that 
body principally for the cause and determination of the above 
effects. Whilst the induction continues, it is assumed that 
the particles of the dielectric ai e in a certain polarized state, 
the tension of this state rising higher in each particle as tho 
induction is raised to a higher degree, either by approxima¬ 
tion of the inducing surfaces, variations of form, increase of 


* Philosophical Transactions, 1834, p. 22.). f Ibid. | Ibid. p. 229. 
§ Ibid. pp. 237, 244. || Ibid. p. 230. 

Vol. V.—Xo. 26, August , 1840. 
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the original force, or other means; • until at last, the tension 
of the particles having reached the utmost degree which they 
can sustain without subversion of the whole arrangement, 
discharge immediately after takes place. 

1369. The theory does not assume, however, that all the 
particles of the dielectric subject to the inductive action are 
affected to the same amount, or acquire the same tension. 
What has been called the lateral action of the lines of induc¬ 
tive force (1231. 1297.)» and the diverging and occasionally 
curved form of these lines is against such a notion. The 
idea is, that any section taken through the dielectric across 
the lines of inductive force, and including all of than, would 
be equal, in the sum of the forces, to the sum of the forces 
in any other section; and that, therefore, the whole amount 
of tension for each such section would be the same. 

1370. Discharge probably occurs, not when all the par¬ 
ticles have attained to a certain degree Of tension, but when 
that particle which is most affected has been exalted to the 
subverting or turuiug point (1410.).* Tor though all the 
particles in the line of induction resist charge, and arc asso¬ 
ciated in their actions so as to give a sum of resisting force, 
yet when any one is brought up to tile overturning point, all 
must give way in the ease of a spark between ball and ball. 
The breaking down of that one must of necessity cause the 
whole barrier to be overturned, for it was at its utmost degree 
of resistance when it possessed the aiding power of that one 
particle, in addition to the power of the rest, and the power 
of that one is now lost. Hence tension or intensity* may, 
according to the theory, be considered as represented by the 
particular condition of the particles, or the amount in them of 
forced variation from their normal state (1298. 1368.) 

1371. The whole effect produced by a charged' conductor 
on a distant conductor, insulated or not, is by my theory as¬ 
sumed to be due to an action propagated from particle to 
particle of the intervening and insulating dielectric, tlie peti¬ 
oles being considered as thrown for the time being into a forced 
condition, from which they endeavor to return to their normal 
or natural state. The theory, therefore, seems to supply an 
easy explanation of the influence of distance in affecting in¬ 
duction (1303. 1364.). As the distance is diminished induc¬ 
tion increases; for there arc then fewer particles in the lino of 
inductive force to oppose their resistance to the assumption of 
the forced or polarized state, and vice versa . Again, as the 

* See Harris on proposed particular meaning of these terms, Philosophical 
Transactions, l&J-i, p. 322. 
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distance diminishes, discharge across happens with a lower 
charge of electricity; for if, as in Harris’s experiments (1364.), 
the interval be diminished to one half, then half the electricity 
required to discharge across the first interval is sufficient to 
strike across the second ; and it is evident, also, that at that 
time there are only half the number of interposed molecules 
uniting their forces to resist the discharge. 

1372. The effect of enlarging the conducting surfaces which 
are opposed to each other in the act of induction, is, if the 
electricity he limited in its supply, to lower the intensity of 
action ; and this follows as a very natural consequence from 
the increased area of the dielectric across which the induction 
is effected. For by diffusing the inductive action, which at 
first was exerted through one square inch of sectional area of 
the dielectric, over two or three square inches of such area, 

1 vice or three times the number of molecules of the dielectric 
are brought into a polarized condition, aud employed in sus¬ 
taining the inductive action, and consequently the tension be¬ 
longing to the snuuilet number on which the limited, force was 
originally accumulated, miisfi fall in a proportionate degree. 

1373. For the same reason diminishing these opposing 
surfaces must increase the intensity up to the condition even 
of their becoming points. But in this case, the tension of the 
particles of the dielectVic next the points is higher than that of 
particles midway, because of the lateral action and consequent 
bulging, as it were, of the lines of inductive force at the mid¬ 
dle distance (1369.). 

1374. The more exalted effects of induction on a point p, 
or any small surface, as the rounded end of a rod, opposed to 
a large surface, as that of a ball Qr plate, than when it is op¬ 
posed to another point or end at the same distance, falls into 
harmoniefus relation (1302.). For in the latter case, the small 
surface p is effected only by those particles which are brought 
into the inductive condition by the equally small surface of the 
opposed conductor, whereas when that is a ball or plate the 
lines of inductive force from the latter are concentrated, as it 
were, upon the end p. Now though the molecules of the di¬ 
electric against the large surface may have a much lower state 
of tension than those against the similar smaller surface, yet 
they are also far more numerous, and, as the lines of inductive 
force converge towards a point, are able to communicate to 
the particles contained in any cross section (1369.) nearer the 
small surface an amount of tension equal to their own, and 
consequently much higher for each individual particle; so that, 
at the surface of the smaller conductor, the tension of a parti¬ 
cle rises much, and if that conductor were to terminate in a 
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point, the tension would rise to an infinite degree, except that 
it is limited, as before (1368.), by discharge. The nature of 
the discharge from small surfaces and points under induction 
will be resumed hereafter (1425. &c ). 

1375. Rarefaction of the air does not alter the intensity of 

inductive action (1284.1287.); nor is there any reason, as far 
as I can perceive, why it should. If the quantity of electricity 
and the distance remain the same, and the air be rarefied one 
half, then, though one half of the particles of the dielectric are 
removed, the other half assume a double degree of tension in 
their polarity, and therefore the inductive forces are balanced, 
and the result remains unaltered as long as the induction and 
insulation are sustained. But the case of discharge is very 
different; for as there are only half the number of dielectric 
particles in the rarefied atmosphere, so these are brought up 
to the discharging intensity bv half the former quantity of 
electricity; discharge, therefore, ensues, 'hnd such a conse¬ 
quence of the theory is in perfect accordance with Mr. Har¬ 
ris’s results (1365.). 1 * 

1376. The increase of electricity required to cause dis¬ 
charge over the same distance, when tfie pressure of the air 
or its density is increased, flows in a sihiilar manner, and on 
the same principle, from the molecular theory. 

1377. Here I think my view of induction has a decided ad¬ 
vantage over others, especially over that which refers the re¬ 
tention of electricity on the surface of conductors in air to the 
pressure of the atmosphere. The latter, is the view which, 
being adopted by Poisson and Biot,* is also, 1 believe, that 
generally received; and it relates two such dissimilar things, 
as the ponderous air and thp subtil and even hypothetical fluid 
or fluids of electricity, by gross mechanical relations; by # the 
bonds of mere static pressure. My theory, on the contrary, 
sets out at once by connecting the electric fprees with the 
particles of matter; it derives all its proofs, and even its origin 
m the first instance, from experiment; and then, without any 
further assumption, seems to offer at once a full explanation 
of these and many other singular, peculiar, and, I think, here¬ 
tofore unrelated effects. 

1378. An important assisting experimental argument may 
here be adduced, derived from the difference of specific in¬ 
ductive capacity of different dielectrics (1269. 1274. 1278 ). 
Consider an insulated sphere electrified positively and placed 
in the centre of another and larger sphere uninsulated, a uni¬ 
form dielectric, as air, intervening. The case is really that 

9 * Eney. Britann. Supplement, vol. iv. Article Electricity, pp. 76, 81, &c. 
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of my apparatus (1187.), and also, in effect, that*of any ball 
electrified in a room and removed to some distance from irre¬ 
gularly formed conductors. Whilst things remain in this state 
the electricity is distributed (so to speak) uniformly over the 
surface of the electrified sphere. But introduce such a di¬ 
electric as sulphur or lac, into the space between the two 
conductors on one side only, or opposite one part of the inner 
sphere, and immediately the electricity on the latter is diffused 
unequally (1229. 1270. 1309.), although the form of the con¬ 
ducting' surfaces, their distances, and the pressure of the at¬ 
mosphere remain perfectly unchanged. 

1379. Fusinieri took a different view from that of Poisson, 
Biot, and others, of the reason why rarefaction of air caused 
easy diffusion of electricity, lie considered the effect as due 
to the removal of the obstacle which the air presented to the 
expansion of the substances, from which the electricity 
passed.* But platina balls shew the phenomena in vacuo as 
well as volatile metals and other substances; besides which, 
when the rarefactiofi is very considerable, the electricity 
passes with scarcely any resistance, and the production of no 
sensible heat; so that, I think Fusiuieri’s view of the matter 
is likely to gain but few assents. 

1380. I liave no need to remark upon the discharging or 
collecting power of flaftie or hot air. L believe, with Harris, 
tuui me mere heat does nothing (13G7-), the rarefaction only 
being influential. The effect of rarefaction has been already 
considered generally.(1375.) ; and that caused by the heat 
of a burning light, with the pointed form of the wick, grid the 
carrying power of the carbonaceous particles which for the 
time ai'e associated with it, are fqlly sufficient to account for 
all t|ic effects. 

v 

1381. We have now arrived at the important question, how 
will the inductive tension requisite for insulation and disrup¬ 
tive discharge be sustained in gases, which, having the same 
physical state and also the same pressure and the same tem¬ 
perature as air , differ from it in specific gravity, in chemical 
qualities, and it may be in peculiar relations, which not being 
as yet recognised, are purely electrical (1361.)? 

1382. Into this question I can enter now only as far as is 
essential for the present argument, namely, that insulation and 
inductive tension do not depend merely upon the charged 
conductors employed, but also, and essentially, upon the inter- 


* Bib. Univ, 1831. xlviii. 373. 
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posed dielectric, in consequence of the molecular action of its 
particles. 

1383. A glass vessel a (fig. 13.)* was ground at the top 
and bottom so as to be closed by two ground brass plates, b 
and c ; b carried ,a stuffing box, with a sliding rod d terminated 
by a brass ball s below, and a ring above. The lower plate 
was connected with a foot, stop-cock, and socket, e,f And y ; 
and also w ith a brass ball 1, which by means of a stem at- 
tached to it and entering the>socket g, could be fixed at various 
heights. The metallic parts of this apparatus were not var¬ 
nished, but the glass was well covered with a coat of shell-lac 
previously dissolved in alcohol. On exhausting the vessel at 
the air-pump, it could be filled with any other gas than air, 
and, in such cases, the gas so passed in was dried whilst enter¬ 
ing by fused chloride of calcium. 

1384. The other part of the apparatus consisted of two in¬ 
sulating pillars, h and i, to which were fixed two brass balls, 
and through these passed two sliding rods, k and m, terminated 
at each end by brass balls; n is the end of an insulated con¬ 
ductor, which could be rendered either positive or negative 
from an electrical machine; o and p are v ires connecting it with 
the two parts previously described, and q is a w'ire which, con¬ 
necting the two opposite sides of the collateral arrangements, 
also communicates with a good discharging train r (292.). 

1385. It is evident that the discharge from the machine 
electricity may pass either between s and /, or S and L. The 
regulation adopted in the first experiments was to keep s and 
l with their distance unchanged , but to introduce first one gas 
and then another into the vessel a, and then balance the dis¬ 
charge at the one place against that at the other; for by 
making the interval at u sufficiently small, all the discharge 
would pass there, or making it sufficiently large it Vould all 
occur at the interval v in the receiver. On principle it seemed 
evident, that in this way the varying interval u might be taken 
as a measure, or rather indication of the resistance to discharge 
through the gas at the constant interval v. The following are 
the constant dimensions. 

Ball s .0*93 of an inch. 

Ball S . . . . 0*96 of an inch. 

Ball /.2*02 of an inch. 

Ball L . . . . 1*95 of an inch. 

Interval v . . . 0*62 of an inch. 

1386. On proceeding to experiment it was found that when 
air or any gas was in the receiver a, the interval u was not a fixed* 


* The drawing is to a scale ol‘ 1-6. 
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one; it might be altered through a certain range .of distance, 
and yet sparks pass either there or at v in the receiver. The 
extremes were therefore noted, i. e , the greatest distance short 
of that'at which the discharge always, took place aj. v in the 
gas, and the least distance, short of that at which it always 
took place at u in the air. Thus, with air in the receiver, the 
extremes at u were 0*56 and 0*79 of au inch, the range of 0-23 
being one at which sparks passed occasionally either at one 
interval or the other. ' 

1387. The small balls s aftd S/could be rendered either 
positive or negative from the machine, and as gases were ex¬ 
pected and were found to differ from eacli other in relation to 
this change, the results obtained under these differences of 
charge were also noted. 

1388. The following is a table of results; the gas named is 
that in the vessel a. 'Hie smallest, greatest, and mean inter¬ 
val at u in air is expressed in'parts of an inch, the interval v 
being constantly 0*62 of an inch. 


• • 

• a 

Smallest. 

Greatest. 

Mean. 

f Air, s and S, pos. . . . 

• a 

0-G0 

0*79 

0*695 

\ Air, s and S, nog. . . . 

• ■ 

0*59 

0*G8 

0*635 

f Oxygen, s and S, pos. 

\ Oxygen, s and S, neg. 

• • 

• • 

0*41 

0*50 

0G0 

0*52 

0*505 
0 510 

f JS 1 itrogen, s and S, pos. . 

a • 

0*55 

0*68 

0*615 

\ Nitrogen, s and S, neg. . 

* • 

0*59 

0*70 

0*645 

( Hydrogen, s and S pos. . 

■ • 

0*30 

0*44 

0*370 

\ Hydrogen, s and S neg. . 

• • 

0-25 

0-30 

0*275 

f Carbonic acid, s and S pos 

a ■ 

0*5G 

0*72 

0 640 

\ Carbonic acid, s and S neg 

• 

m • 

0*58 

0*G0 

0*590 

f Olofiant gas, s and S f)os. 

• a 

0*G4 

0*86 

0*750 

\ Olefiant £as, s and S neg. 

a a 

0-69 

077 

0*730 

f Coal gas, s and S pos. . 

v • 

0*37 

0*61 

0*490 

• ( Coal gas, s and S neg. . 

a a 

0*47 

0*58 

0 525 

( Muriatic acid gas, s and S 

pos. 

0*89 

1*32 

1*105 

( Muriatic acid gas, s and S 

neg. 

0*67 

0-75 

0*720 


1389. The above results were all obtained at onetime. 
On other occasions other experiments were made, which gave 
generally the same results as to order, though not as to num¬ 
bers. Thus: 

Hydrogen, s and S pos. . . . 0*23 0*57 0*400 

Carbonic acid, s and S pos. . .0*51 T05 0*780 

Olefiant gas, s and S pos. . . . 0*66 1*27 0*965 
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I did not notice the difference of the barometer on the days of 
experiment. 

1390. One would have expected only two distances, one 
for each interval, for which the discharge might happen either 
at one or the other ; and that the least alteration of either 
would immediately cause one to predominate constantly over 
the other. But that under common circumstances is not the 
case. With air in the receiver, the variation amounted to0’2 
of an inch nearly on the smaller interval of 0-6, and with mu¬ 
riatic acid gas, the variation was above 0*4 on the smaller 
interval of 0*9. Why is it that when a fixed interval (the one 
in the receiver) will pass a spark that cannot go across 0-0 of 
air at one time, it tfill immediately after, and apparently un¬ 
der exactly similar circumstances, not pass a spark that can 
go across 0*8 of air ? 

1391. It is probable that part of this variation will be traced 
to particles of dust in the air'drawn into and about the cir¬ 
cuit. I believe also that part depends upon a variable chargctl 
condition of the surface of the glass vessel a f That the whole 
of the effect is not traceable to the',influence of circumstances 
in the vessel a, may be deduced from the fact, that when sparks 
occur between balls in free air they frequently are not straight, 
and often pass otherwise than by the shortest distance. These 
variations in air itself, and at different parts of the very same 
balls, shew the presence and influence of circumstances which 
are calculated to produce effects of the kind now under con¬ 
sideration. 


( To be Continued.) 


XIII_ Experiments relative to* the propagation of Caloric 

in a Metallic Bar. By M. H. Schroeder, Esq. Profes¬ 
sor of Natural Philosophy at Soleurc. Communicated by 
the Author. 

It is well known that artificers in metal, advance generally 
enough the curious fact, that a metallic bar one end of which 
is placed in an ardent furnace, and held by the other end 
until the heat has begun to be sensibly felt by the hand, will 
suddenly cause a very considerable elevation of temperature 
to be felt, immediately on removing out of the fire the heated 
extremity of the bar, in order to expose it to the cold air, or 
even to plunge it in cold water. I know of no other experi¬ 
ments on the .sflfeject than those of M. Fischer, of Breslaw, 
(Proggend. Ann. 19,—507), and thosoof Professor Mousson, 
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* By Mr. M. H. Schroeder. 

of Zurich, who communicated them last year in the section of 
Natural Philosophy, at the meeting of Swiss Naturalists, 
held at Neufchatcl. These two philosophers seem not to 
doubt of the existence of the fact in question, but the former 
is or seems willing to attribute it to a variation in the con¬ 
ducting faculty of metals according to their temperature, 
whilst M. Mousson considers it as proving a developement of 
specific caloric, produced by a molecular compression which 
would be caused by the sudden cooling to which the metal 
was subjected. * 

Having several reasons to doubt whether the truth of the 
fact or phenomena had been rigorously established by experi¬ 
ments made up to the present time, 1 undertook to convince 
myself, by decisive and direct experiments, whether the phe¬ 
nomena had existed or not, and in the latter case, to shew 
that a false explanation of other phenomena on the part of 
these philosophers, and a common illusion on the part of the 
artisans, are the only reasons for advancing a position so 
paradoxical. Now such happens to be the result at which I 
have arrived in making use # of the means offered to us by 
thermo-electric forces of measuring the changes of tempera¬ 
ture ; and I have givep to the experiments which I am about 
to describe, another importance besides that of having served 
to demonstrate in a decisive manner, that the phenomena 
now in question has no existence whatever. 

I obtained a galvanometer of a very delicate and sensitive 
construction used in measuring thermo-electric currents, on 
the model of that which Feehner has recommended as most 
convenient for that purpose. It consists of a large band of 
copper, folded once round an astatic system consisting of two 
magnetized needles,* which could* oscillate freely on a gra¬ 
duated circle from degree to degree. A simple element of 
bismuth and antimony, communicating w ith the reservoirs of 
mercury, into# which the ends of the band of copper are 
plunged, gives to the needle a continued deviation from 
80* to 85 degrees, on applying solely the temperature of 
the hand to the point of the solder. I afterwards soldered 
even at the soldering point of the element of bismuth and 
antimony, one of the extremities of a bar of another metal, 
long enough to allow the free extremity to be exposed to 
the action of heat, without any direct influence being exercised 
on the solder of the section of bismuth and antimony, then 
keeping the eye invariably fixed on the needle, I awaited the 


* No upper needle ought to bo above the upper side Of the coil, and the 
lower oeedie withm the coil.— Edit. * 

Vol. V.—No. !^6, August, 1840. O 
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time when the temperature of the bar would become per¬ 
manent throughout its whole extent, which was easily 
observable by a constant deviation of the galvanometer. 
Immediately on the arrival of this moment, I removed, by 
an assistant, the source of heat, and plunged the red hot 
extremity into cold water. If the sudden cooling of the red 
hot extremity of the bar had power to produce in any manner 
whatever an augmentation of the temperature of the other 
extremity, it is clear that this heat would be communicated 
to the point of the solder, and that the needle, before making 
a retrograde movement, which would be the effect of the cool¬ 
ing having commenced, ought first to manifest an instantaneous 
deviation, in the contrary direction, thereby indicating an 
augmentation of temperature. But what was the change in 
the circumstances of this experiment ? never have I been able 
to perceive the least sign of an effect approaching to this. 
The needle, on the contrary, femained each trial, immovable 
during some time, until perhaps the cooling had been com¬ 
municated to the point of the solder in .the ordinary manner, 
and then began immediately to indicate the direct effect of 
cooling. I have repeated these ex^crifhents, under very 
different circumstances with bands, with bars, with wires, 
with masses of different forms both of iron, of copper, of zinc, 
of brass, &c. giving them different lengths from two feet to 
half an inch; making use of sources of heat of a temperature 
more or less elevated; producing the sudden cooling some¬ 
times by the action of the air, sometimes by water, and at 
others by mercury; and in making use of the thermo-electric 
element, a combination of any two metals; but in no case did 
the needle indicate to me an augmentation of temperature 
after the the operation of cboling. The result of these experi¬ 
ments being absolutely negative/ I judge it not necessafy to 
describe them in detail; but I conclude therefrom with cer¬ 
tainty that the fact in question does not exist. 

This point once established, it remained for me to repeat 
conveniently the experiments of M. Mousson, in order to give 
the true explanation to the phenomena which he has observed. 
Mow 1 am convinced, by a careful examination, that the ex¬ 
planation of them coincides with that of a well known pheno¬ 
menon, which may be observed easily by any thermometer in 
any degree sensitive, namely, that if the instrument be 
suddenly withdrawn from the "source of heat, at the first mo¬ 
ment there will be seen a rapid elevation, after which the 
depression will commence. We know that this circumstance 
is owing to the sudden contraction of the small bowl of glass, 
and* to its diminution of volume, which surpasses during the 
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first moments the effect of the depression of temperature on 
the whole column of mercury. The phenomena which M. 
Mousson has observed are quite analogous to this, and it 
appears to me that he has deduced consequences from it which 
cannot be admitted or maintained. 

Nevertheless the hypothesis which he has advanced, that a 
sudden cooling ought to cause a molecular compression, which 
in itself ought to become the means of developement of specific 
erlorie, appears to me to be admissible in a particular case, 
that is to say, when it acts on the interior parts of a mass 
heated throughout its whole extent, at the first moment wherein 
the exterior surface is cooled with sufficient rapidity. 

I hope however, to be able to demonstrate this fact by 
experiments. In this instance, I took a small cylinder of 
iron, in the upper side of which I inserted a spiral iron wire 
sufficiently strong for the purpose. I covered this cylinder 
up to half its height in a crucible, leaving the principal points 
bare, then I soldered a copper wire of nearly two lines 
diameter,, in such a ipanner that the copper did not touch the 
iron except at the point of the solder. I afterwards fixed the 
ends of the iron wire and the copper wire in the reservoirs of 
mercury, which commtinicated with the band of the galvano¬ 
meter, and then I heated the cylinder by the heat of spirits 
of wine. I expected Jhat the exterior parts of the mass (if it 
is true that in these circumstances they are contracted suddenly 
by the effect of a depression of temperature,) would exercise 
an instantaneous compression of the interior parts, which 
would give place to a developement of specific caloric, which 
would be indicated by the galvanometer. In order to find 
the most favorable circumstances to obtain exactness in the 
experiment, I observed at first the successive positions of the 
needle dqring the time of heating. The needle commenced 
by deviating to 72° ; then, the heating still going forward, not 
only did it retarn with great rapidity to the point 0 3 of the 
division, but passed it, making a contrary or negative devi¬ 
ation nearly to 65°. The continuance of the process of 
heating produced then a contrary thermo-electric relation 
between the iron and the copper, inasmuch as the direction of 
the current depends on the temperature of the point of the 
solder. 

I profited by this remark, and now put the lamp at such 
a distance from the mass of iron, that the needle had power 
to take nearly a constant position at the point 0° of the divi¬ 
sion whenever the temperature of the mass became permanent. 
This I easily accomplished after one or two trials. In, fact, 
in this position the needle had th.e greatest sensibility for the 
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least change of temperature, and it sufficed, on approaching 
it to the flame for an instant, to make it deviate for some 
seconds after with a quick movement, almost like a shake 
towards the negative side of the point 0°, on such a manner, 
that it could not retain its constant position until after several 
oscillations. The iron was at that point of temperature ap¬ 
proaching to a red heat. I fixed my eye on the needle, and 
caused the inferior portion of the mass of iron to be plunged 
into cold mercury. But the needle remained immovable 
during the first moments, then immediately afterwards indi¬ 
cated to me a prompt slackening of the heat or cooling from 
the point of the solder. This effect was very contrary to that 
which 1 had expected, because it appeared to me, that a 
strong molecular compression ought necessarily to take place 
in this case. I do not wish to conclude from this, that a 
developement of specific heat, caused by a due compression by 
contraction of those parts suddenly cooled, has not taken 
place in any case ; but we see however, that if the fact does 
exist, it ought at least to be of very little importance, for that 
it cannot be perceived even under the most favorable circum¬ 
stances, with an instrument so sensitive as the galvanometer 
of which I have spoken. It is very necessary then to be able 
to make use of and to explain phenomena so confidently 
asserted as those described by M. Mousson. I have named 
this last experiment because it appeared to me to have given 
a result contrary to what we should have expected. 

I have besides these made some experiments relative to 
those which M. Fischer has published. But as these arc not 
independent of the sensation of the hand, I think we ought 
not to attribute any great importance to them; I content 
myself then simply with saying, that my experiments have 
conducted me to the belief that^M. F. has partaken of the 
same illusion, to which artificers in metal, ordinarily abandon 
themselves. 


XIV .—On a New Electro-Magnetic Engine. By Thomas 

W RIGHT, Esq. 

Dear Sir, 

I see in your last number an account of a new Electro¬ 
magnetic Engine by Mr. Clarke, in which he has dis¬ 
pensed with the rotary motion, and returned to the crank. I 
have been lately engaged in some experiments, the resultB 
of which, incline me to believe that this will be the best form 
of applying the electro-magnetic power. I adopt however, r a 
very different arrangement from that of Mr. Clarke. • 
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By Mr. Thomas Wright. 

The magnetism induced in soft iron by electric currents has 
great sustentive, but small attractive power, in comparison 
with that of steel magnets; the great power which the former 
possess not beiug developed, until their keepers are in con¬ 
nexion with their poles. In Taylor’s rotatory engine, which 
I have reason to think is the best, the magnets are passed by 
their keepers with such rapidity, that I should think it impos¬ 
sible that their power can be developed, as it requires a 
certain length of time for that purpose. 

The great difficulty in the construction of electro-magnetic 
engines with the crank motion, is the shortness of the stroke, 
which, for any useful purposes, should not exceed a quarter 
of an inch. 1 have, however, been able to increase the length 
of the stroke materially, by two methods:—the first consists 
in keeping one end of the armature on its respective polo, as 
at a fig. 1 plate 3, and taking the stroke between B and C; 
thus interrupting the magnetic! circuit at one place only ; this 
plan answers better with small electro-magnets, which gene¬ 
rally possess greyer, comparative intensity, than those of a 
larger size. A small electro-magnet, a quarter of an inch square, 
and seven inches lon<£, coiled with ten yards of copper bell- 
wire, attracted its keeper, placed parallel with its poles, a 
quarter of an inch , (along a polished mahogany table,) when, 
however, the keeper was placed as in fig. 1, it attracted the 
other end an inch and a quarter; this was the result of 
several experiments. The second method which is better 
adapted for large electro-magnets, consists in keeping one side 
of the armature on the magnet as in fig. 2; this I think 
will be the most available method of applying the power, and 
I am now making a small engine on this principle, on which I 
hope to have your opinion in a short time. 

The magnets employed in this engine are straight and com¬ 
posed of hoop iron, well annealed and riveted together, and 
are coiled to \Vithin an inch and a half from the ends, to which 
aoe riveted pieces of soft iron two inches square, as shewn at 
A fig. 3, plate 3; these magnets are then united in pairs, by 
having the pieces of soft iron attached to them hinged together 
at B , they are thus brought as close as possible to each other 
along their whole length. • 

Fig. 4, is a plan of the engine with two pairs of magnets, 
the end of the lower magnet of each pair being concealed by 
the pillar on which it rests; the armature of the upper mag¬ 
net of the pair on the right hand, forms part of the beam of 
the engine, the hinge which attaches it to the lower armature 
being the fulcrum. The upper armature of the other pair is 
attached to the beam by a rod at A; it will thus be seeir that 
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by making communication between the battery and each pair 
of magnet's alternately) the armatures of the magnetized pair 
will be strongly attracted to each other, lifting up the armature 
of the other pair respectively, and working the fly wheel. 

B B B, fig. 4 plate, shews the apparatus on the shaft of the fiy 
wheel, for throwing the battery power alternately on the pairs 
of magnets. 

I am, my clear Sir, 

Yours truly, 

Thomas Wright. 

XV .—An Answer to Dr. Hare’s Letter on certain Theoretical 
Opinions. By M. Faraday, Esq. F. 11. S. 

My dear Sir, 

1. Your kind remarks have caused me very carefully to re¬ 

vise the general principles of the view of static induction which 
I have ventured to put forth, with the very natural fear that as 
it did not obtain your acceptance, it might be founded in error; 
for it is not a mere complimentary expression when I say I 
have very great respect for voiv judgment. As the recon¬ 
sideration of them has not made me aware that they differ 
amongst themselves or with facts, the resulting impression on 
my mind is, that I must have expressed my meaning imper¬ 
fectly, and I have a hope that when ipore clearly stated my 
words may gain your approbation, I feel that many of the 
words in the language of electrical science possess much mean¬ 
ing ; and yet their interpretation by different philosophers 
often varies more or less, so that they do not carry exactly 
the same idea to the minds of different men-: this often renders 
it difficult, when such words force themselves into use, to ex¬ 
press with brevity as much us, and no more than, one really 
w ishes to say. • # • 

2. My theory of induction (as set forth in Series xi., xii., 
and xiii.,) makes no assertion as to the nature* of electricity, 
or at all questions any of the theories respecting that subject 
(1667). It does not even include the origination of the de¬ 
veloped or excited state of the power or powers; but taking 
that as it is given by experiment and observation, it concerns 
itself only with the arrangement of the force in its communi¬ 
cation to a distance in that particular yet very general pheno¬ 
menon called static induction (1668.). It is neither the nature 
nor the amount of the force which it decides upon, but solely 
its mode of distribution. 

3. Bodies whether conductors or non-conductors can be 
charged. The word charge is equivocal: sometimes it means 
that •state which a glass tube acquires when rubbed by silk, or 
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which the prime conductor of a machine requires when the 
latter is in action ; at other times it means the state of a Ley¬ 
den jar or a similar inductive arrangement when it is said to 
be charged. In the first case the word means only the peculiar 
condition of an electrified mass of matter considered by itself, 
and does not apparently involve the idea of induction; in the 
second it means the whole of the relations of two such masses 
charged in opposite states, and most intimately connected by 
inductive action. 

4. Let three insulated metallic spheres, A, B, and C, be 

placed in a line, and not in contact; let A be electrified posi¬ 
tively, and then C uninsulated; besides the general action of 
the whole system upon all surrounding matter, there will occur 
a case of inductive action amongst the three balls, which may 
be considered apart, as the type and illustration of the whole 
of my theory: A will be charged positively ; B will acquire 
the negative state at the surface towards A, and the positive 
state at the surface furthest from it; and C will be charged 
negatively. # , 

5. The ball B will bo in what is often called a polarized 
condition, i. e. opposite parts will exhibit the opposite electri¬ 
cal states, and the twd sums of these opposite states will be 
exactly equal to each other. A and C will not be in this po¬ 
larized state, for they .will each be, as it is said, charged (3), 
the one positively, the other negatively, and they will present 
no polarity as far as this particular act of induction (4). is 
concerned. 

6. That one part of A is more positive than another part 
does not render it polar in the sense in which that word has 
just been used. We are considering a particular case of in- 
duetioif, and have to throw out of view the states of those 
partfe not under the inductive action. Or if any embarrass¬ 
ment still arise from the fact that A is not uniformly charged 
all over, then fte have merely to surround it with balls, such as 
B pnd C, on every side, so that its state shall be alike on every 
part of its surface (because of the uniformity of its inductive 
influence in all directions) and then that difficulty will be re¬ 
moved. A therefore is charged, but not polar ly; B assumes 
a polar condition *, and C is charged indueteously (1483), be- 
ing by the prime influence of A brought into the opposite or 
negative electrical state through thenntervention of the inter¬ 
mediate and polarized ball B. 

7. Simple charge therefore does not imply polarity in the 
body charged. Inductive charge (applying that term to^ the 
Sphere B and all bodies in a similar condition (5) does (1672.). 
The word charge as applied to a Leyden jar, or to the whole 
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of any inductive arrangement, by including all the effects, 
comprehends of course both these states. 

■ 8. As another expression of my theory, I will put the fol¬ 
lowing the case. Suppose a metallic sphere C, formed of a 
thin shell a foot in diameter; suppose also in the centre of it 
another metallic sphere A only an inch in diameter; suppose 
tiie central sphere A charged positively with electricity to the 
amount wc will say of 100; it would act by induction through 
the air, lac, or other insulator between it and the large 
sphere C; the interior of the latter would be negative, and its 
exterior positive, and the sum of the positive force upon the 
whole of the external surface would be 100. The sphere C 
would in fact be polarized (5) as regards its inner and outer 
surfaces. 

9. Let us now conceive that instead of mere air, or other 
insulating dielectric, within C between it and A, there is a thin 
metallic concentric sphere B six inches in diameter. This 
will make no difference in the ultimate result, for the charged 
ball A will render the inner and outer surfaces of this sphere 
B negative and positive, and it*again wilt render the inner 
and outer surfaces of the large sphere C negative and posi¬ 
tive, the sum of the positive forces on the outside of C being 
still 100. 

10. Instead of one intervening sphere let us imagine 100 or 
1000 concentric with each other, and separated by insulating 
matter, still the same final result will occur; the central ball 
will act inductrically, the influence originating with it will be 
carried on from sphere to sphere, and positive force equal to 
100 will appear on the outside of the external sphere. 

11. Again, imagine that all these spheres are subdivided 
into myriads of particles, each being effectively insulated from 
its neighbours (1679.), still the same final result will oceur; 
the inductric body A will polarize all these, and having its in¬ 
fluence carried on by them in their newly acquired state, will 
exert precisely the same amount of action on the external 
sphere C as before, and positive force equal to 100 will appear 
on its outer surface. 

12. Such a state of the space between the indnctric and 
indueteous surfaces represents.what I believe to be the state 
of an insulating dielectric under inductive influence; the par¬ 
ticles of which by the theory are assumed to be conductors 
individually, but not to one another (1669.). 

13. In asserting that 100 of positive force will appear on 
the outside of the external sphere under ail these variations^ 
I presume I am saying no more than what every electrician 
Wu!*admit. Were it not so> then positive and negative elec* 
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tricities could exist by themselves, and without relation to 
each other (1169. 1177.), or they could exist in proportions 
not equivalent to each other. There are plenty of experi¬ 
ments, both old and new, which prove the truth of the prin¬ 
ciple, and I need not go further into it here. 

14. Suppose a plane to pass through the centre of this 
spherical system, and conceive that instead of the space be¬ 
tween the central ball A and the external sphere C being 
occupied by a uniform distribution of the equal metallic par¬ 
ticles, three times as many were grouped in the one half to 
what occurred in the other half, the insulation of the particles 
being always preserved : then more of the inductric influence 
of A would be conveyed outwards to the inner surface of the 
sphere C, through that half of the space where the greater 
number of metallic particles existed, than through the other 
half: still the exterior of the outer sphere C would be uni¬ 
formly charged with positive electricity, the amount of which 
would be 100 as before. 

15. The actions of the two portions of space, as they have 
just been supposed to be constituted (14), is as if they pos¬ 
sessed two different specific inductive capacities (1296.); but 
J by no means intend "to say, that specijic inductive capacity 
depends in all cases upon the number of conducting particles 
of which the diclectriq is formed, or upon their vicinity. The 
full cause of the evident difference of inductive capacity of 
different bodies is a problem as yet to be solved. 

16. In my papers I speak of all induction as being depen¬ 

dent on the action of contiguous particles, i. e. I assume that 
insulating bodies consist of particles which are conductors 
individually (1669.), but do not conduct to each other pro¬ 
vided the intensity of action to which they are subject is be¬ 
neath a given amount (132Q. 1674.1675.); and that when the 
inductric body acts upon conductors at a distance, it does so 
by polarizing (129S. 1670.) all those particles which occur in 
the portion of dielectric between it and them. I have used 
the term contiguous (1164.1673.), but have I hope sufficiently 
expressed the meaning I attach to it: first by saying at par. 
1615, “the next existing particle being considered as the 
contiguous onethen in a note to par. 1665, by the words, 
“ I mean by contiguous particles those which are next to each 
other, not that there is no space between themand further 
by the note to par. 1164. of the octavo edition of my JLle- 
searches, which is as follows: “ The word contiguous is per¬ 
haps not the best that might have been used here and elsewhere, 
for as particles do not touch each other it is not strictly cor¬ 
rect. I was induced to employ it because in its common ac- 
Vol. V—No. 26, August , 1840. P 
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acceptation it enabled me to state the theory plainly and with 
facility. By contiguous particles, I mean those which are 
next.” 

17. Finally, my reasons for adopting the molecular theory 
of induction* were the phenomena of electronic discharge 
(1164. 1343.), of induction in curved lines (1166.1215.), of 
specific inductive capacity (1167. 1252.), of penetration and 
return action (1245.), of difference of conduction and insula¬ 
tion (1320.) of polar forces (1665.), &c. &c., but for these 
reasons and any strength or value they may possess I refer 
to the papers themselves. 

18. I will now turn to such parts of your critical remarks 
as may require attention. A man who advances what he 
thinks to be new truths, and to develope principles which pro¬ 
fess to be more consistent with the laws of nature than those 
already in the field, is liable to be charged, first with self-con¬ 
tradiction ; then with the contradiction of facts; or he may 
be obscure in his expression, and so justly subject to certain 
queries; or he may be found in nontagyeement with the 
opinions of others. The first =nnd second points are very 
important, and every one subject, to such charges must be 
anxious to be made aware of, and also to set himself free from 
or acknowledge them; the third is also a fault to be removed 
if possible ; the fourth is a matter of but small consequence 
in comparison with the other three; for as every man who 
has the courage, not to say rashness, of forming an opinion of 
his own, thinks it better than any from which he differs, so 
it is only deeper investigation, and most generally future 
investigators who can decide which is in the right. 

10. I am afraid I shall find it rather difficult to refer to 
your letter. I will, how'evd'r, reckon the paragraphs in order 
from the top of each page, considering that the first jvhiclt has 
its beginning first in the page*. In referring to my own mat¬ 
ter I will employ the usual figures for the pafagraphs of the 
Experimental Researches, and small Roman numerals /or 
those of this communication. 

20. At par. 3, you say, you cannot reconcile my language 
at 1615, with that at 1165. In the latter place I have said 
1 believe ordinary induction 3n all cases to be an action of 
contiguous particles, and in the former assuming a very hypo¬ 
thetical case, that of a vacuum, I have said, nothing in my 
theory forbids that a charged particle in the centre of a 
vacuum should act on the particle next to it, though that 


* We shall change Prof. Faraday’s references for the numbers which we 
biVtj attached to I>r. Hare’s letter, and refer thus, par. 23 , &c. 
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should be half an inch off. With the meaning which I have 
carefully attached to the word contiguous (16.), I see no con¬ 
tradiction here in the terms used, nor any natural impossibility 
or improbability in such an action. Nevertheless all ordinary 
induction is to mo an action of contiguous particles, being 
particles at insensible distances : induction across a vacuum 
is not an ordinary instance, and yet I do not perceive that it 
cannot come under the same principles of action. 

21. As an illustration of my meaning, I may refer to the 
case, parallel with mine, as to the extreme difference of in¬ 
terval between the acting particles or bodies, of the modern 
views of the radiation and conduction of heat. In radiation 
the rays leave the hot particles and pass occasionally through 
great distances to the next particle, fitted to receive them: m 
conduction, where the heat passes from the hotter particles to 
those which are contiguous and form part of the same mass, 
still the passage is considered "to be by a process precisely 
like that of radiation ; &nd though the effects are, as is well 
known, cxtrcniely # different in their appearance, it cannot as 
yet be shewn*that the principle of communication is not the 
same in both. 

22. So on this point respecting contiguous particles and 
induction across half an inch of vacuum, I do not see that I am 
in contradiction with myself or with any natural law or fact. 

23. Paragraph 4 is answered by the above remarks, and 
by 8, 9, and 10. 

24. Paragraph 5 is answered according to my theory by 
8, 9, 10, 11, 12, and 13. 

25. Paragraph 6 is answered, except in the matter of 

opinion (18.), according to my theory by 16. The conduc¬ 
tion of heat referred to in the paragraph itself will, as it ap¬ 
peal's to jne, bear no comparison with the phenomenon of 
electrical induction :—the first refers to the distant influence 
of an agent which travels by a very slow process, the second 
to, one where distant influence is simultaneous, so to speak, 
with the origin of the force at the place of action:—the first 
refers to an agent which is represented by the idea of one 
imponderable fluid, the second to an agency better represented 
probably by the idea of two fluids, or at least by two forces:— 
the first involves no polar action, nor any of its consequences, 
the second depends essentially on such actions;—with the first, 
if a certain portion be originally employed in the centre of a 
spherical arrangement, but a small part appears ultimately 
at the surface; with the second, an amount of force appears 
instantly at the surface (8, 9, 10, 11, 12, 13, and 14.), exactly 
equal to the exciting or moving force, which is stiU at. the 
centre. . • 
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26. Paragraph 13 involves another charge of self-contra¬ 
diction, from which, therefore, I will next endeavor to set 
myself free. You say I “ correctly allege that it is impossible 
to charge a portion of matter with one electric force without 
the other (see par, 1177.). Hut if all this be true, how can there 
be a positively excited particle ? (see par. 1616.). Must not 
every particle be excited negatively if it be excited positively ? 
Must it not have a negative as well as a positive pole?” Now 
1 have not said exactly what you attribute to me: my words 
are, “it is impossible, experimentally, to charge a portion of 
matter with one electric force independently of the other: 
charge always implies induction , for it can in no instance be 
effected without (1177.).” I can, however, easily perceive 
how my words have conveyed a very different idea to your 
mind, and probably to others, than that I meant to express. 

27. Using the word charge in its simplest meaning (3. 4.), 
I think that a body can be'charged with one electric force 
without the other, that body being considered in relation to 
itself only. But I think that such charge cannot exist without 
induction (1178.), or independently of what is'called the de¬ 
velopment of an equal amount of the other electric force, not 
in itself, but in the neighbouring consecutive particles of the 
surrounding dielectric, and through them of the facing parti¬ 
cles of the uninsulated surrounding conducting bodies, which, 
under the circumstances, terminate as it were the particular 
case of induction. I have no idea, therefore, that a particle 
when charged must itself of necessity be polar ; the spheres 
A B C of 4, 5, 6, 7, fully illustrate my views (1672.). 

28. Paragraph 20 includes the question, “ is this consist¬ 
ent?" implying self-contradiction, which, therefore, I proceed 
to notice. The question arises out of the possibility of glass 
being a (slow) conductor or not* of electricity, a point ques¬ 
tioned also in the two preceding paragraphs. I believe that 
it is. I have charged small Leyden jars, m*ade of thin flint 
glass tube, with electricity, taken out the charging wres, 
sealed them up hermetically, and afteif two or three years 
have opened and found no charge in them. I will refer you 
also to Belli’s curious experiments upon the successive charges 
of ajar and the successive return of portions of these charges.* 
I will also refer to the experiments with the shell lac hemi¬ 
sphere, especially that described in 1237. of my Researches; 
also the experiment in 1246. I cannot conceive how, in these 
cases, the air in the vicinity of the coating could gradually re¬ 
linquish to it a portion of free electricity, conveyed into it by 

* » 

^BtWietbecalUltWa, 1637, Uxxv.,p. 417. 
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what I call convection, since in the first experiment quoted 
(1237.), when the return was gradual, there was no coating; 
and in the second (1246.), when there was a coaling , the re¬ 
turn action was most sudden and instantaneous. 

29. Paragraphs 21 and 22 perhaps only require a few words 
of explanation. In a charged Leyden jar 1 have considered 
the two opposite forces on the inductric and inducteous sur¬ 
faces as being directed towards each other through the glass 
of tht jar, provided the jar have no projection of its inner 
coating, and is uninsulated on the outside (1682.). When 
discharge by a wire or discharger, or any other of the many 
arrangements used for that purpose is effected, these supply 
the “ some other directions” spoken of (1682. 1683.). 

30. The inquiry in paragraph 23, I should answer by say¬ 
ing, that the process is the same as that by which the polarity 
of the sphere B (4. 5.) would be neutralized if the spheres 
A and C were made to communicate by a metallic wire ; or 
that by which the 100 or 1000 intermediate spheres (10.) or 
the myriads of polarized conducting particles (11.) would be 
discharged, if the inner sphere A, and the outer one C, were 
brought into communication by an insulated wire; a circum¬ 
stance which would not in the least affect the condition of the 
power on the exterior of the globe C; 

31. The obscurity hi my papers, which has led to your re¬ 
marks in paragraph 25, arises, as it appears to me (after my 
own imperfect expression), from the uncertain or double 
meaning of the word discharge. You say, “ if discharge in¬ 
volves a return to the same state in vitreous particles, the 
same must bo true in those of the metallic wire. Wherefore 
then are these dissipated when the discharge is sufficiently 
powerful ?” A jar is said to be discharged when its charged 
state is reduced by any meats, and it is found in its first in¬ 
different condition. The word is then used simply to express 
the state of the* apparatus; and so I have used it in the ex¬ 
pressions criticised in paragraph 21, already referred to. The 
process of discharge} or the mode by which the jar is brought 
into the discharged state, may be subdivided, as of various 
kinds; and I have spoken of conductive (1320.), electrolytic 
(1343.), disruptive (1359.), and convective (1562.) discharge, 
any one of which may cause the discharge of the jar, or the 
discharge of the inductive arrangements described in this letter 
(30), the action of the particles in any one of these cases 
being entirely different from the mere return action of the po¬ 
larized particles of the glass jar, or the polarized globe B (5,), 
to their first state. My view of the relation of insulators and 
conductors, as bodies of one class), is given at 1320.1675.*ffso. 



U8 Dr. Faraday’s Letter to Dr. Hare. 

of the Researches: but I do not think the particles of the 
good conductors acquire an intensity of polarization any thing 
like that of the particles of bad conductors; on the contrary, 
I conceive that the contiguous polarized particles (1670.) of 
good conductors discharge to each other when their polarity 
is at a very low degree of intensity (1326. 1338. 1675.). The 
question of why are the metallic particles dissipated when the 
charge is sufficiently powerful, is one that my theory is not 
called upon at present to answer, since it will be acknowledged 
by all, that the dissipation is not necessary to discharge. That 
different effects ensue upon the subjection of bodies to dif¬ 
ferent degrees of the same power, is common enough in ex¬ 
perimental philosophy; thus, one degree of heat will merely 
make water hot, whilst a higher degree will dissipate it as 
steam, and a low or will convert it into ice. 

32. The next most important point, as it appears to me, 

is that contained in paragraphs 16 and 17. 1 have said 

(1330.), “ what, then is to separate the principle of these turn 
extremes, perfect conduction and perfect insulation, from 
each other, since the moment we leave in the smallest degree 
perfection at either extremity we involve the element of per¬ 
fection at the opposite end?” and upon this you say, might 
not this query be made with as much reason in the case of 
motion and rest ?—and in any case of the intermixture of 
opposite qualities, may it not he said, the moment we leave 
the element of perfection at one end, wc involve the element 
of perfection at the opposite ?—may it not be said of light and 
daikncss, or of opaqueness and translucency ? and so forth. 

33. I admit that these questions are very properly put; 
not that I go to the full extent of them, as for instance that 
of motion and rest,* but I*do not perceive their bearing upon 
the question, of whether conduction and insulation are differ¬ 
ent properties, dependent upon two different modes of action 
of the particles of the substances respectively possessing these 
actions, or whether they are only differences in degree of; one 
and the same mode of action ? In this question, iiowever, 
lies the whole gist of the matter. To explain my viewe, I 
will put a case or two. In former times a principle or force 
of levity w'as admitted, as cvvell as of gravity, and certain 
variations in the weights of bodies were supposed to be 
caused by different combinations of substances possessing these 
two principles. In later times, the levity principle has been 
discarded ; and though we still have imponderable substances, 
yet the phenomena causing weight have been accounted for 
by one force or principle only, that of gravity; the difference 
in gravitation of different bodies being considered due to dif- 
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ferences in degree of this one force resident in them all. Now 
no one can for a moment suppose that it is the same thing 
philosophically to assume either the two forces or the one force 
for the explanation of the phenomena in question. 

34. Again, at one time there was a distinction taken be¬ 
tween the principle of heat and that of cold: at present that 
theory is done away with, and the phenomena of heat and cold 
are referred to the same class, (as 1 refer those of insulation 
and conduction to one class), and to the influence of different 
degrees of the same power. But no one can say that the two 
theories, namely, that including but one positive principle, and 
that including two, are alike. 

35. Again, there is the theory of one electric fluid and also 
that of two. One explains by the difference in degree or 
quantity of one fluid, what the other attributes to a variation 
in the quantity and relation of two fluids. Both cannot he 
true. That they have nearly equal hold of our assent, is only 
a proof of our ignorance : and it is certain whichever is the 
false theory, is at present holding the minds of its supporters 
in bondage, and is greatly retarding the progress of science. 

36. I think it therefore important, if we can, to ascertain 
whether insulation and Conduction are cases of the same class, 
just as it is important, to know that heat and cold arc pheno¬ 
mena of the same kind.* As it is of consequence to shew that 
smoke ascends .and a stone descends in obedience to one pro¬ 
perty of matter, so I think it is of consequence to shew that 
one body insulates and another conducts only in consequence 
of a difference in degree of one common property which they 
both possess; and that in both cases the effects arc consistent 
with my theory of induction. 

37- I now come to what may be considered as queries in 
your better, which I ought to*answer. Paragraph 8 contains 
one. As I concede that particles on opposite sides of a 
vacuum may perhaps act upon each other, you ask, “ where¬ 
fore,is the received theory of the mode in which the excited 
surface of a*i«eyden jar induces in the opposite surface a Con¬ 
trary stare, objectionable?” My reasons for thinking the 
excited surface does not directly induce upon the opposite 
surface, &c., is, first, my belief that the glass consists of par¬ 
ticles conductive in themselves, bqt insulated as respects each 
other (17) i and next, that in the arrangement given 4, 9, 
or 10, A does not induce directly on C, but through the inter¬ 
mediate masses or particles of conducting matter. 

38. In the next paragraph, the question is rather implied 
than asked—what do I mean by polarity ? I had hoped that 
the paragraphs 1669. 1670. 1671. 1672. 1679. 1686. 1687. 
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1688. 1699. 1700.1701.1702. 1703. 1704., in the Researches 
would have been sufficient to convey my meaning, and 1 am 
inclined to think you had not perhaps seen them when your 
letter was written. They, and the observations already made 
(5. 26.), with the case given (4. 5.), will, 1 think, be suffi¬ 
cient as my answer. The sense of the word polarity is so 
diverse when applied to light, to a crystal, to a magnet, to the 
voltaic battery, and so different in all these cases to that of 
the word when applied to the state of conductor under induc¬ 
tion (5.), that 1 thought it safer to use the phrase “ species 
of polarity,” than any other, which being more expressive 
would pledge me further thau I wished. 

39. Paragraph 11 involves a mistake of my view's. I do 
not consider bodies which arc changed by friction, or other¬ 
wise, as polarized, or as having their particles polarized (3, 
4. 27.). This paragraph and the next do not require, 
therefore, any further remark, especially after what I have 
said of polarity above (38.). 

40. And now', my dear sir, I think I ought to draw my 

reply to an end. The paragraphs which remain unanswered 
refer, I think, only to differences of opinion, or else, not 
even to differences, but opinions regarding which I have not 
ventured to judge. These opinions I esteem as of the utmost 
importance ; but that is a reason which jnakes me the rather 
desirous to decline entering upon the reconsideration, inas¬ 
much as on many of their connected points I have formed no 
decided notion, but am constrained by ignorance and the con¬ 
trast of facts to hold my judgment as yet in suspense. It is, 
indeed, to me an annoying matter to find how many subjects 
there arc in electrical science, on which, if I were asked for 
an opinion, I should have to say, I cannot tell,—I do not 
know; but, on the other hand, it i3 encouraging to think, that 
these are they which if pursued industriously, experimentally, 
and thoughtfully, will lead to new discoveries. Such a sub¬ 
ject, for instance, occurs in the currents produced by dynamic 
induction, which you say it will be admitted do not require 
for their production intervening ponderable atoms. For my 
own part, I more that half incline* fco think they do require 
these intervening particles, tjiat is, where any particles inter¬ 
vene (1729. 1733. 1738.). ,But on this question, as on many 
others, I have not yet made up jny mind. Allow me, there¬ 
fore, here to conclude my letter; find believe me to be with 
the highest esteem, My dear Sir, 

Your, obliged and faithful Servant, 

M. Faraday. 

Rqyal Institution, ApriL 18, 1840. 
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city , Magnetism , Sfc. By William Sturgeon, Lec¬ 
turer oil Experimental Philosophy at the Honourable 

Ehst India Company’s'Military Academy, Addiscombe._ 

Superintendent of the Royal Victoria Gallery of Practical 
Science, Manchester, &c. &e. Fifth Memoir. 

Section 1. 

On Voltaic Combinations.—A new Battery of Cast Iron and 
amalgamated Zinc.-—A comparison of the Chemical powers 
of various Voltaic Batteries. 

234. About twelve years ago, I engaged in an extensive 
series of experimental enquiries, respecting some of the 
principal conditions necessarily connected with the action of 
voltaic batteries ; during which, I arrived at some remarkable 
results, which I then conceived might nrobably be advan¬ 
tageously applicable, in the formation of that peculiar class of 
electrical apparatus. Somo» of these results I published in 
the year 1830, in a pamphlet entitled “ Experimental Re¬ 
searches in Galvanism, Electro-magnetism, &c.”* Since the 
time of my pamphlet making its appearance, some of those 
results which I described in it have become available in the 
hands of other experimenters, and some others have come 
into general use in almost every form of voltaic battery.f 
There are, however, discoveries which T then made and in¬ 
tended for the second part of that pamphlet, and as they have 
not yet been met with by others, nor in any way made public, 
only occasionally at my lectures; and as they appear to be of 
some importance, whether viewed as theoretical or practical 
dal% I venture to give them a place in this memoir. 

235. In the pamphlet already alluded to, I have shewn, at 
page 44, that "when two similar pieces of iron are placed, one 
in_each of two strong .solutions of nitric acid in water, of 
different degrees of strength, having a bladder partition between 
them, they formed an active voltaic pair. A galvanometer 
with a heavy needle, four inches long, supported on a pivot, 
was employed in these experiments, “ and the needle would 
frequently stand at an angle of ,35° particularly if the stronger 
portion bf the acid solution be mot very feeble, and these 

V* 

* This pamphlet is published bV Sherwood, Gilbert, & Piper, Paternoster 
Row, London* 

f In the pamphlet alluded to, I pointed out and shewed by conclusive 
experiments the superiority of roheizinc over ^stizinc, iu voltaic arrange¬ 
ments. V . v ^ “ " * 

Vol. V.— No.- 2$, August , 1840. Q 
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energies seem to improve with an increase of acid in that 
portion of the fluid.” 

236. At page 45, of the same work, (paragraph 40), under 
the head “ iron and nitrous acid,” I have shewn that, “ the 
electric relations of the two pieces of polished iron when 
placed in two portions of this acid, very differently diluted, or 
the one piece in the acid solution and the other in w r ater, are 
precisely of the same character as when the nitric is employed; 
but the electrical energies displayed are more energetic, &c.” 

237. From the facts discovered in these experiments, I was 

led to construct a compound battery of ten small pairs of iron 
plates, in wooden cells ; each cell being furnished with a 
bladder partition. The iron which constituted what I have 
called “ a pair” was, however, merely a siugle piece, or long 
strip, which, by being bent in the middle, was easily adapted 
to unite two troughs : one of its ends being immersed in the 
strong acid solution, and the other end in the feeble acid solu¬ 
tion of the vicinal trough ; and so on throughout the series. 
With this battery I could decompose water, ignite metals, 
charcoal, &c. to a certain extent as decidedly, as by any 
voltaic battery whatever,; but as its chemical and calorific 
powers did not meet my expectation, 1 proceeded no farther 
with it. I discovered however, that iron held a more elevated 
rank amongst the metals when associated with amalgamated 
zinc, in voltaic series, than had ever been noticed by any 
other experimenter. Indeed, at that time amalgamated zinc 
had never been employed in voltaic batteries, except in a 
semi-liquid form by Mr. Kemp, an ingenious chemist at Edin¬ 
burgh. Sir Humphrey Davy first noticed that amalgamated 
zinc acted better than pure zinc when associated with copper, 
in a single pair; but I belieVc that tho employment of amal¬ 
gamated rolled zinc originated with my own experiments :* 
and I formed compound batteries of cylinders of zinc and 
copper which worked exceedingly well with diluted sulphuric 
acid. * s 

238. I discovered also that cast iron and wrought iron per¬ 
formed very differently in voltaic combinations with zinc, the 
cast iron forming the more energetic combination with that 
metal, especially w hen well amalgamated. I discovered more¬ 
over, that amalgamated iron holds a higher rank than cither 
cast iron or wrought iron, when voltaically associated with 
zinc, and that, therefore, any transference of mercury that 
might occur from amalgamated zinc would rather be favorable 


* Zinc may be easily amalgamated by first immersing it in dilute sulphuric 
iu id and then in mercury. See p. 41, of my pamphlet. 
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to the action, than otherwise, a circumstance so diametrically 
opposed to that which occurs with amalgamated copper a$ to 
give a preference to iron over that metal in voltaic associations 
with amalgamated zinc, especially when excitation is carried 
on with dilute sulphuric acid. Lately I have been induced 
to construct larger batteries of cast iron and amalgamated 
zinc, than I had ever before done, which, with their performances 
in the display of phenomena, I will now describe. 

239. The first battery of this kind, that I constructed since 
my appointment at this Institution, consists of ten cylindric 
jars of cast iron, each 8 inches high and 3|- inches diame¬ 
ter, with the same number of amalgamated zinc cylinders of 
the same height as the iron ones, and about 2 inches diameter. 
Each pair of these metals is connected together by means of 
a curved stout copper wire, one end of which being soldered 
to the iron, and the other to the zinc, as shewn in fig. 7, 
plate 1.* The zinc of one pair is placed in the iron jar of the 
next, and so on throughout the series: contact being pre¬ 
vented by discs qf millboard placed in the bottoms of the iron 
vessels. Before any regular or exact experiments were 
carried on with this battery, a few trials were made with it to 
give an idea of its probable powers; some of which are the 
following: 

240. Experiment I.—When six pairs were arranged in series, 
and charged with dilute sulphuric acid, the polar w r ires were 
properly connected with an electro-gasometer, whose terminal 
platinum plates are 2{- inches high, and 1£ broad; consequently . 
exposing a surface of upwards of 11 square inches to the acid¬ 
ulated w r atert in the instrument. The terminals gave off 
2 cubic inches of the mixed gases per minute. 

241. Experiment 2—By atkling two other pairs to the 
lasft scrips, and arranging 4he whole in a series of 8 pairs, the 
terminals in the electro-gasometer liberated 7^ cubic inches of 
the mixed gaSes per minute. The above results were obtained 
several tithes over, and, in some cases, after the battery had 
been in action for more than three quarters of an hour. 

242. Experiment 3.—The electro-gasometer was now laid 

aside, and the calorific effects of the_eight pairs in series were 
as follow:— . . 

Charcoal gave out a small star of brilliant light. 

One inch of copper wire of an inch diameter was fused. 

Four inches of do. made yrhite hot. 


* This figure will also appear in plate 4, which will also contain several 
other figures illustrative of certain parts of this memoir. , 

t The liquid in the electro-gasometer was 6 .water, and 1 sulphuric acid, 
by measure. • * 
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Eighteen inches of do. made red hot in broad day light. 

Eight inches of watch main spring was made red hot. 

Two indies of do. made white hot for several successive 
minutes.* 

243. Experiment 4.—The battery had now been in action 
more than an hour, and its decomposing powers were again 
ascertained to be equal to those exhibited at first, the terminal 
platinum plates still liberating the mixed gases at the rate of 

cubic inches per minute. The voltaic series, on this occa¬ 
sion, was not extended beyond eight pairs, in consequence of 
the other two iron jars being leaky, and could not be used 
until the fissures were repaired. 

244. Experiment 5.— As the exhibition gallery of this 
institution was shortly to be opened to the public, I was 
requested by some of our directors to try if this battery could 
be used to illustrate the explosions made by Colonel Pasley 
against the wreck of the lloy&l George. For this purpose, 
the series of eight pairs was furnished with two conducting 
wires, 200 feet in length each, making *a circuit of 400 feet 
long. When the farthest extremities of these wirgs were joined 
by a thin platinum wire, the latter instantly became red hot, 
which left no doubt of the calorific powers of the battery being 
capable of exploding gunpowder at that distance ; but as no 
preparations had been made for trying its calorific effects below 
the surface of a body of water, nothing farther was done at 
that time. 

245. Experiment 6_On Saturday afternoon, the 30th of 

May, some of our directors and a few other gentlemen, met 
in the gallery, and it was proposed to try the iron battery 
again : and as the two leaky jars (243.) were now repaired, 
the whole ten were arranged rn one voltaic series, and charged, 
as before, with dilute sulphuric acid. The electro-gasometer 
which had been used in the former experiments, (240.) having 
been broken by accident, another, of much larger dimensions 
was now employed. Its terminal metals consist of two sheets 
of thin platinum, exposing about 144 square inches of surfacb 
to the acidulated water in the apparatus.f "When the ten pairs, 
in series, were properly connected with the terminals of this 
instrument, 15 cubic inches of the mixed gases were liberated 
per minute. In the course of about eight minutes’ action, the 
rate of decomposition sank to about 13 cubic inches per 

* In tbe short description of this battery given at page 67 of this volume, I 
have said that 10 pairs were used to produce these calorific effects, but I find 
by my notes that only eight pairs were used. 

f This electro-gasometer is that which was used with Mr. Grove’s battery, 
at theKoyal Institution of Great Britain. See Annals of Electricity, vol> 4, p. 
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minute; and after a quarter of an hour’s action, *it beqame 
reduced to’about 11 cubic inches per minute. 

246. Fjxperiment 7.—Preparations were now made for imi¬ 
tating tlie^blowing-up of*the lloyal George,'but" as“no water 
could be let into the basin of the canal in the exhibition room 
of the Institution, in consequence of the painters being at work 
in it, we had recourse to a very humble, and to some per¬ 
sons? it will appear, a most ridiculous substitute; viz., a bucket 
of water. Our charge of gunpowder was the same as that 
used in the Polytecnic Institution in London, being furnished 
with a stock of cartridges, from Messrs. Watkins and Hill, 
Charing Cross, which had been made for similar illustrations in 
that Institution. The bucket of water being placed on the floor 
of the lecture room, and one of the extremities of each long con¬ 
ducting wire (244) being twisted to the wires of the cartridge, 
the other extremity of one of tljem was attached to one pole of 
the battery, situated in the passage outside of the room door. 
When the word fire was given, and the circuit completed by 
Mr. Brookhouse, frtid stood by the battery, with the other con¬ 
necting wire, for that purpose, the most singular phenomenon 
occurred that was eve* beheld by any of the party present; 
and certainly one which none of us iiad been led to expect. 
The explosion of the gunpowder was accompanied by a simul¬ 
taneous perpendicular ascent of both bucket and w r ater into 
the air, where they seemed to rest, for a moment, at an alti¬ 
tude of about feet above the floor, when both fell, and the 
greater part of the water spilled on the floor. The singularity 
of this antick of the bucket produced an effect on the bystan¬ 
ders more easy to imagine than describe : every one involun¬ 
tarily burst into an immoderate fijj of laughter, which became 
mor$ and more excited as each person described the ludicrous¬ 
ness of the event; and the consternation displayed by the 
two servants, ylm were present, in finding mops, basins, and 
other parapharnalia, with which they were not prepared, for 
taking up the water from the room floor, added no little to 
the burlesque character of the scene. However, the two men 
were very active, and in a short time the most of the water 
was in the bucket again. 

247. Experiment 8.—When’the effect of the last blow-up 
had sufficiently abated, one of our directors proposed that the 
experiment should be repeated, in order to ascertain how high 
the bucket and water could be raised by a second explosion. 
The necessary preparations being made, and chairs, forms, 
tables, &c., being removed from the vicinity of the bucket; 
the glass cupboard, in which our splendid electrical machine 
is placed, being guarded by chairs, forms, &c., against the 
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effects of splinters in case of the bucket giving way to the 
force of the powder, and the faces of glazed pictures turned 
to the wall, &c., the cartridge was sunk in the water; and on 
the word fire being given the explosion again took place. The 
bucket jumped up to the height of about feet from the floor 
on to the lecture table, carrying with it only a small portiou 
of water, the rest being scattered about in every direction. 
The servants, who were prepared, on this occasion, to take up 
the water from the floor, set to work with great alacrity in 
hopes to be enabled to replace the greater part of it in the 
bucket in a few minutes; but observing, after working a short 
time, that with all their efforts they were not lessening the 
water on the floor, one of them looked to see how much had 
been collected in the bucket, and immediately called out, that 
“ the bottom was blown out P Nothing better than this news 
could possibly have happened, to give increased tension to 
the already excited risibility of the company. 

248. The cause of the bucket and its water jumping up 
together by the first explosion, may probably be traced to the 
sudden reaction of the floor against the bottom of the bucket: 
which rebounded with a force nearly equal to that with which 
the water was blown upwards, and being in the same direc¬ 
tion they kept pace with one another. 

249. Experiment 9_The battery had now been charged 

more than an hour, and its decomposing powers were again 
tried with the same electro-gasometer as last used. From a 
mean of several trials the liberated gases amounted to more 
than 10 cubic inches per minute. 

250. Since the appearance of my pamphlet in 1830, experi¬ 
menters have turned their attention to the improvement of 
voltaic batteries, and several kinds have been invented, each 
of which has its peculiarities, and, for some processes, most of 
them have a great advantage over those previously in common 
use. It seems rather doubtful, however, from the facts 
hitherto in our possession, that we shall ever discover a firm 
of battery capable of exhibiting every class of electric pheno¬ 
mena to the best advantage. It is true that with the command 
of an extensive series of movable combinations or pairs, we 
can arrange them in groups, or in scries in a great variety of 
ways, and thus be enabled to modify their forces so as to 
become advantageously available for the display of the electro¬ 
magnetic, electro-chemical, and the electro-calorific classes 
of phenomena; but for the display of the purely electrical 
phenomena, such as the attractions and repulsions, and the 
charging of coated glass, the original pile of Volta still stands 
pre-eminent; and amongst all the torms of battery which 
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have hitherto made their appearance, that of Cruickshank’s 
is the only one which can be advantageously employed!for 
purposes of this kind, and for medical treatment it seems better 
adapted than any other. 

251. The batteries severally invented by Grove, and Smee, 
are unquestionably about the most powerful now generally 
known for continued action in the electro-magnetic, electro¬ 
chemical, and electro-calorific departments; but their high 
price almost precludes their general employment amongst 
experimenters, excepting in such cases as where the funds of 
an institution are at command. Professor Daniell’s battery 
is also so constructed as to retain its powers in action for a 
long time together, but unless of large dimensions, its chemi¬ 
cal, magnetic, and calorific powers, are far below those of the 
former two batteries. Besides the first cost of Grove’s and 
Danicll’s batteries, there is a continual current expense 
attending their preparation and keeping in order for experi¬ 
ment, to which Smee’s battery is not subject: for diluted 
sulphuric acid bcyig, the only liquid used, and having no 
diaphrams between the metals, the excitation is accomplished 
at a cheap rate, and is not complicated by appendages 
which are expensive In every form they have hitherto 
assumed, not only in the first purchase of the battery, but 
by the frequent renewal of those which become destroyed, 
and the time necessarily required for their preparation. 

252. Notwithstanding the advantages obtained by the great 
superiority in the action of the modern forms of battery over 
that exhibited by those invented respectively by Cruickshank 
and Wollaston, but very little seems to have been done towards 
ascertaining their real capabilities, as to the most advantageous 
display of the several classes of phenomena to which they are 
best # adapjcd : hence it is, that their full powers are but little, 
if at all known. It is thus that an important inquiry is still 
left untouched,*’which may probably reveal facts of the highest 
interest to this department of physical science. Moreover, 
as the employment of voltaic batteries lias now become very 
extensiye, not only in investigations, but in the daily illustra¬ 
tions at this, and many other similar institutions, and is likely 
to be still more extensively employed, both in military and 
civil engineering, it is obvious that a cheap efficient battery, 
with the mode of conducting it to the best advantage, are 
desiderata of great moment to the practical man who may 
have occasion to avail himself of the advantages which such 
an implement affords in the daily processes of his professional 
avocations. But an investigation such as is best adapted to 
reveal these important facts, would require the command of 
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every kind of battery that appears likely to be adapted for 
general purposes, to which such an implement* is peculiarly 
applicable: and although not much skill in manipulation 
would be absolutely essential to such an undertaking, the 
requisite series of experiments would be somewhat expensive, 
and could not be conducted without a considerable occupation 
of time. 

253. The batteries belonging to this institution are the fol¬ 
lowing, viz.:—Cruickshank’s, two troughs of 50 pairs of 3 inch 
plates each.—Wollaston’s, two troughs of 10 pairs of 4 inch 
plates, with double coppers each—Danicll’s, 20 copper cylin- 
dric jars, 24 inches high and 4 inches diameter, with amal¬ 
gamated strips of rolled zinc, in hempen bags or diaphrams. 
Grove’s, 50 pairs of 4 inch platinum plates, with double 
amalgamated zinc in porous pots for diaphrams. Besides 
these, we have 30 of those cast iron jars, with their 
amalgamated zinc cylinders already described, (239), and 20 
pairs of copper and amalgamated zinc cylinders, in porcelain 
jars. I have availed myself of the use of (hese batteries, and 
also of one of Smee’s construction of twelve pairs, which, by 
the kindness of Mr. Joseph Lockett, has been placed in my 
hands for the purpose of comparing their powers in the display 
of the electro-chemical, electro-magnetic, and the elcctro- 
calorific classes of phenomena, and for ascertaining which kind 
of battery is most likely to become more generally useful, both 
as regards economy and facility of manipulation. 

On the Chemical Powers of Voltaic Batteries . 

254. The chemical powers of our modern batteries have, 
hitherto, been tested in no other way than by the decomposi¬ 
tion of acidulated water. ‘This circumstance may probably 
be owing to the great facilities which are afforded by # oper!ting 
on this compound, and the supposed exactness of the results. 
In point of preparation and manipulation there \:an be no doubt 
of the superior facilities for the decomposition of water, <^ver 
that of most other bodies; but notwithstanding the facilities 
thus afforded to experimenters, the decomposition of water, 
as a test for the powers of voltaic batteries, has led many to 
the most extravagant inaccuracies: and 1 am not aware that 
any experiments are on record that have been directed to an 
enquiry for ascertaining the best means of arriving at a maxi¬ 
mum of decomposition by the employment of any one of the 
several batteries which have hitherto been constructed. The 
errors of a fashionable man, whatever may be the nature of 
his pursuits, are almost sure to lead those astray who have 
either no desire or no opportunity to judge for themselves, 
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and there is not, perhaps, amongst the numerous errors into 
which Dr. Faraday has fallen, one more eminently calculated 
to mislead the unwary experimenter, than the pretended Accu¬ 
racy of the indications of an instrument, the principles of which, 
he either neglected to reveal, or of which he had not the slightest 
knowledge. The visionary voltameter has been a favorite 
instrument with experimenters, only because of their credence 
in the assertions of its author, and some of them have thus 
been led into errors which would otherwise have been avoided, 
amongst the records of their own discoveries. 

255. If we wish to arrive at a knowledge of the powers of 
any voltaic battery in the process of decomposing water, there 
are several particulars which are necessary to be attended to: 
some of which will vary with almost every form of battery, 
whilst others are common to all batteries whatever. 

256. The first essential point to be determined is, which is the 
most influential body in facilitating decomposition when dis¬ 
solved in the water to be operated on ? And as that solution 
which facilitates deepmposition the most in one case, will also 
facilitate it t® the greatest oxtent in all, whatever may be the 
form of battery employed, the determination of this point be¬ 
comes easily accomplished. A solution of sulphuric acid is now 
generally placed in connexion with the platinum terminals in 
the decomposing apparatus: and I have not found any other 
which facilitates decomposition to the same extent, when the 
water is to the acid as about 5 to 1. The mixture ought to 
be made some hours prior to its being placed in the apparatus, „ 
otherwise its heat will soften the cement so as to give way to 
the liquid pressure, and become leaky. Whatever may be the 
real character of the action of bodies which facilitate the decom¬ 
position of water :-r—- whether it be a mere mechanical separa¬ 
tion of # its particles, which makes them more assailable to 
the electric forces;—an improvement in its electro-conduc¬ 
tion, and thus permits the introduction and consequent flow' 
o£a greater quantity of electric fluid; or whether it admits of 
an improved electro-polarization by an association with the 
particles of the dissolved body, remains a problem, for which 
philosophers have not yet found a solution. 

257. The second consideration is the distance between the 
platinum terminals in the decomposing apparatus, which can 
hardly be too small, provided they do not absolutely touch one 
another. This is a fact generally known, and like the former 
particular, applies to all batteries whatever. 

258. The third thing to be determined in the decomposition 

oj water, is the size of the terminal metals in the decomposing 
apparatus: for the extent of decomposition will vary.^very 
Vol. V.—No, 26, August, 1840. II 
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considerably with terminals of different extent of surfaces. 
Withtfeeble batteries, it is necessary to concentrate the elec¬ 
tric force to a mere point before any decomposition of water 
can be accomplished; hence, in such cases, short thin plati¬ 
num wires are preferable to terminals of larger dimensions. 
The decomposition of water, however, is not tne best test for 
ascertaining this law with precision, when the intensity of the 
battery is very feeble. Perhaps the following experiment will 
answer as well as any. 

259. Experiment .—Employ a battery of one pair only, of 
small dimensions, and let. the liquid operated on be a strong 
solution of sulphate of copper. Let the terminal metals be sheets 
of platinum foil of 3 or 4 square inches each; and immerse 
them both completely in the cuperous solution. No decom¬ 
position is perceptible, even though the connexions be con¬ 
tinued for more than an hour : but a galvanometer placed in 
the circuit, indicates the existence of a current. Let, now, 
the negative terminal be taken out and wiped dry, and then 
immerse only one of its corners. In a few- minutes the im¬ 
mersed corner will be covered with precipitated 'Copper, indi¬ 
cating decomposition by the force of the concentrated current 
at that point: but the galvanometer needle indicates a much 
feebler general current than when the platinum plate was 
wholly immersed, lly immersing the corner of the platinum 
,terminal to different depths in the solution, the exact amount 
of. metallic surface which just allows of decomposition, may 
be discovered. And it will be found, in all cases, that as the 
immersed surface increases, the magnetic deflections increase 
also. Hence it becomes obvious that the powers which such 
feeble currents exercise on a magnetic needle arc no indications 
of the chemical powers of the battery; unless, indeed, we 
look for the one as the reverse of the other. There are several 


interesting facts on this nice subject; but as the principal ob¬ 
ject of this memoir is to investigate the powers of the most 
formidable batteries known, I shall not dwell upon them til] a 
future opportunity presents itself. 

260. The fourth point to be determined* to effect the maxi¬ 
mum of decomposition of water, by voltaic electricity, is the 
proper extent of the voltaic series or of the proper unit of inten¬ 
sity of the battery : and as the intensities of different batteries 
with the same extent of series, differ very much from each other, 
the determination of this point must be of great interest to ex¬ 
perimenters generally. 

261. Having now pointed out four grand particulars'to be 
attended to for obtaining a maximum decomposition of water 
by, voltaic electricity, I will next proceed to describe the 
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results of a few series of experiments made with, the various 
kinds of batteries already noticed. j> - 

Table of Experiments on the Decomposition of Water , 
with various Series of Professor Danielts Voltaic Battery; 
with the two Electro-gasometers described in ( 253 ). 


Xo. of pairs in 
Huric tt. 

Quantity ui'tius obtained per Minute. 

10 . 

Viovn tin; Lurgi! Terminals. 

.<. oj >. 

ITom the Small TenniuuW 

.o } 

<) ...... 


. 8* 

8 .. 

:::::::::: 


7 . 


. lit 

6 . 


. r>i 




1 . 

. :){ . 




. 

. li 

| 2 . Scurfvlv d»n 

from cither. 


202. Each of the above tabulated results, is the mean of 
several trials ; they furnish us with a knowledge of the unit of 
intensity , of this kind of battery, which is obviously that given 
by a series of 3 pftirS. And although the decomposition by an 
extensive battery, would not suffer much loss by employing 
a series of either 6 or*7 pairs, yet any series above 7 or below 
5, would be attended with a great loss in the quantity of de¬ 
composition in a given time. 

203. Another essential feature in these results, is in the 
quantities of gas liberated by the different sized terminals; the 
larger ones invariably producing the greater quantity.**’ 

264. In another series of experiments with Mr. DameTTs” 
battery, and the electro-gasometer with the larger plates (245), 
I obtained 10} cubic inches of the mixed gases per minute, with 
a scries of 10 pairs; and with lower series, the rate of decom¬ 
position was nearly proportional to that in the above table ; 
thus indicating by both sets of experiments, that the proper 
unit of intensity is a series of 5 pairs: for by employing 
the ten pairs in two series of 5 pairs each, I obtained above 
$€ cubic inches of the gases per minute. 

265. Table of Experiments on the Decomposition of Water, 
by various Series of Voltaic Pairs of Cast Iron and amalga¬ 
mated Zinc, as described in paragraph (239 ). 


No. of Iron Jaw 
in series. 

Cubic Incites obtained pev Minute. 

10 . 

Large Terminals. Small Terminals. 

. 14 . W 

0 . 

. 11 . 89 

8 . 

.. 10 . 7 

7 . 


8 .. 

. V . Si 

5 _... 

. 21. a 

4 

. 4 I*. .. i 

3 . 

Scarcely auv. 
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266. The first thing to be observed in this table, is the supe¬ 
riority of action by the large terminals, over that by the smaller 
ones; and in a much greater degree, than by Daniell’s form 
of battery. 

267. The next thing to be observed is the rapid increase of 
decomposition, by an increase of the voltaic series, even up to 
ten pairs; by which we understand that the whole in one 
series, is much more powerful than in any other way we could 
combine them; and it is probable, that by extending the 
series we should discover that the proper unit of intensity, is 
considerably greater than that given by ten pairs. 

268. The above results were by the employment of the first 
ton pairs, of this kind, that were constructed; but since the 
time the above expermiments were made, 1 have obtained 22 
cubic inches of the mixed gases per minute with the 10 pairs 
in series; I have also got 20-new iron jars cast; with 10 
pairs of which I have obtained 90 cubic inches of the gases 
in four minutes action: and I am in hopes of arriving at a 
still greater rate of decomposition. In all c&ses with the iron 
batteries, the decomposition has increased rapidly up to ten 
pairs in series, indicating that a still f higher intensity is re¬ 
quired for the most advantageous unit of intensity. 

269. Table of Experiments on the Decomposition of Water , 
by various Series of Voltaic Pairs, on the principle of Mr. 
Smee if Battery. The Electro-gasometer , with large Terminals, 
( 245 ) was the only one employed in this series of experiments % 


No. of IVirs ih 
Series. 

Cubic Inches of Oases liberated in One 
Minute with large Terminals. 

. ( ) 

2 


:) . 


4 . 

. 1 

S . 

if • 

« . 

3 



ft .! 

. ii 

u . 

. 13 

V) . 



270. If we look to the rapid increase of decomposition from a 
series of 6 pairs to the series ol 10 pairs, we are soon con¬ 
vinced that to employ a scries of 10 is more advantageous 
than any series below that number; and it is very probable 
that the proper unit of intensity with this battery, as with the 
cast iron one, is considerably above that given by a series of 
10 pairs. This point, however, must be determined by future 
experiments, as I have not, at present, more than 10 pairs 
at command. But the experiments detailed in the above table. 
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will be a sufficient guide, for the present, for any person em¬ 
ploying no more than 10 pairs at once, because it is obvious 
that the decomposition of water will be accomplished to the 
greatest extent, by employing them in one series: which also 
appears to be the case with the cast iron battery. 

271. Experiments on the Decomposition of Water , hy 
various series of Voltaic Pairs , upon the principle of Mr. 
Grove's Battery. The decomposing apparatus with the 
larger terminals was used 245. 


No of l’airs in 
Series. 

Cubic Inches of Gas per Minute. 1 

• 2 . 


3 .. 

... « 

4 . 

. 9 


.. 11 

6* . 

. 14 

7 . 

. Ill 


. 18 

a*::*:: 

. 21 

• 10 . 

. 9 .... 24 


272. From the results of this series of Experiments, it is ob¬ 
vious that the 10 pairs in scries produce more decomposition 
than by any other combination of them; and it is probable 
that a still more extensive series would be the proper unit of 
intensity for accomplishing the maximum of decomposition by 
this kind of battery. Mr. Grove has, I believe, constantly*'* 
employed his battery in series of 5 pairs only, which serieSi is 
obviously too small, and occasions a considerable loss of 
decomposing power. 

373. Suppose, for instance, that a battery of 30 pairs were to 
be used,* in six series of 5 pairs each, then as 5 pairs give 
11 cubic inchqp of gas, 5 x 6=30 pairs, would give 6X11=66 
cubic inches. But 30 pairs in three series of 10 pairs each 
would give 3 X 24—72 cubic inches of gas, which is six cubic 
inches more than by Mr. Grove’s mode of combination. 

274. In order to compare the decomposing powers of these 
batteries, it will be necessary to ascertain their relative me¬ 
tallic surfaces exposed to the exciting media. They stand as 
below for each pair:— 

Daniell’s =360 square inches of metallic surface* 

Smee's ...=192 do. do. 

Sturgeon’s=162 do. do. 

Grove's ...*=#=104 do. do. 

275. Thus, by assuming Mr. Grove's battery as the ud&of 
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surface, and also the standard of decomposing power, we shall 
have: 

Metal. Gas. Metal. Gas. 


104 .. 24 Grove’s 


IU1 ... 

162 : 25 : 

: 104 

14-8 

vjiuvc a 

Sturgeon’s 

192 : 15 : 

: 104 

8*1 

Smee’s 

360 : 12 : 

: 104 

3-5 

Daniell’s 


276. Hence it appears, that if the whole of the batteries ex¬ 
posed precisely the same extent of metallic surface to the exist¬ 
ing liquid, that invented by Mr. Grove would have a decided 
preference, and Professor Darnell's battery would hold but a 
very low rank in point of decomposing power. But if we 
view them individually according to their respective sizes in 
which they have been employed in these experiments, then 
their maximum powers that I have obtained, will stand thus : 

Sturgeon’s ... 25 Cubic inches of gas per minute. 


Grove’s . 24 do. do. 

Smce’s . 15 do. do.' 

Daniell’s. 12 do. do. 


277. The next consideration is the cost of these batteries, 
both as relating to the first purchase, and the current expense 
of keeping them in action. The price given for 12 pairs of 
Srnee’s construction, Mr. Lockett informs me, was £32. 
Heqrftthe price of 10 pairs would be £26 13s.*—The price 
Y/f'TJ pairs of each of the other kind of batteries is, Grove’s 
£7 .'l—Danicll’s £6.—Sturgeon’s £3 10s. 

278. The excitation is carried on by about the same quantity 
of suphuric acid in each battery ; and in Sinee’s, and the iron 
batteries, no other expense is required. But in Grove's 
battery lbs. of the best nitric -acid for 10 pairs is used in 
addition: and in Daniell’s, about 5 lbs. of sulphate of cop¬ 
per, in addition to the sulphuric acid, is used for 10 pairs. In 
both these latter batteries, there arc also diaphrams which 
are continually falling into decay, which is another current 
expense attending these batteries. The mercury employed jn 
the amalgamation of the zinc, would be nearly the same in all 
the forms of battery hitherto described; but the time occupied 
, in fitting up is very different indeed: the iron batteiw requir¬ 
ing much less time than any of the other forms. Hence as 
far as the decomposition of water is concerned, the iron 
battery has a decided advantage, both in point of power and 


* There can be no question, of this being a very extravagant price, as 1 am 
confident that it can be bad for less than half that money, either from Watkins 
amTHill, Clarke, Carey, Jones, Newman, or Harris. « 
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economy: and is so simple, that it is manageable by any per¬ 
son : and what is another point in its favor, it works best 
when quite rusty: and retains its power a long time. ‘The 
hydrogen is certainly an annoyance, but I have hit upon a 
contrivance to remove it, which I shall describe in the sequel. 

( To be continued in the September Number.) 


XVII .—Description of a New Compensating Pendulum. 

By William Gwynn Jones, A. M. 

(Extracted from Silliman's Journal■) 

During the latter part of the past year, while engaged in 
some interesting astronomical observations which required 
considerable accuracy, it was indispensable to procure a time¬ 
keeper whose rate would not tfb affected by the variations in 
the temperature of the weather, to which all such machines, 
of ordinary construction, are liable. The expensiveness of a 
chronometer Which could be 'relied upon for such a purpose, 
rendered a resort to §ome more economical instrument de¬ 
sirable, if it could be depended upon. The gridiron pendulum 
as well as the mercurial one, both of which have been designed 
to effect thi3 object, "were found unsatisfactory; the former 
from the difficulty of procuring an exact adjustment of the 
different rods of which it is composed, so as to produce the 
desired counterbalancing expansion and contraction, an<X£i&r- 
mcrcurial pendulum proving upon experiment too sensitive % to 
be relied upon. Under these circumstances, I contrived a 
simple arrangement for a pendulum, acting upon the principle 
of the lever, which performed with so much accuracy that I 
have bees induced to present it to the notice of the readers of 
the American Journal, believing it will not prove uninterest¬ 
ing to those engaged in scientific investigations requiring 
grq&t uniformity of action in a time-keeper. The arrange¬ 
ment of the parts is so simple as to be readily understood by 
any skilful workman, and as it is entirely free for the adop¬ 
tion of any one who may prefer its construction, I have 
prepared a description and diagram to render it intelligible. 

Fig. 5 plate 3, shews the whole pendulum, the dotted lines 
representing similar parts to those on the opposite side, and are 
introduced to render the drawing more easily understood; 
a is a similar spring to that which is attached to the pendulum 
of an ordinary eight-day clock, and is firmly attached to the 
perpendicular brass bar b. Through b there is the usual 
opening for the guy-wire, which gives motion to the pendulum. 
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This bar is firmly affixed to the transverse bar c either by 
riveting or soldering. On each end of the bar c there is 
attached a brass rod d, d, and one inch from each of these 
there is also affixed a steel rod a, e. These four rods pass 
through the bar p, which is intended merely to preserve them 
in their proper position, and is attached to the two brass 
rods by a pin passing through both, while the steel rods are 
allowed to move freely through the boles. At/, a transverse 
bar or lever is affixed to d by a loose pin passing through 
them, and the same attachment is made to the steel rod e at 
g. This bar is four inches long, three inches of which extend 
from g to h, and a similar one is attached to the dotted rod d 
and extends on the opposite side. At h there is another loose 
attachment to the rod *, which is of steel, and which is again 
affixed to the bar k. At k there is a permanent bar m, which 
passes through the weight o, and has the usual adjusting 
screw n at the bottom. 

Rationale —Suppose that by an increased temperature of 
20°, the steel rods e, e, are expanded in length of an inch. 

The rods d, d, being of brass, and a small fraction larger than 
the steel, will expand £ 0 f an inch by the same increase of 
temperature, it being an established theory with the best 
French chemists, that the relative effect of the temperature 
upon the two metals is as 3 to 5, or nearly double the expan¬ 
sion in brass as in a steel rod of similar size. The outer rods 
therokaye expanded in length of an inch more than the 
'• iniyiT rods. It will be apparent from a slight inspection of 
tlffi drawing, that as the brass rod d and the steel one e are 
attached by a connecting pin to the transverse bar f h, that 
by d expanding more than e, that fit becomes a lever, g being 
the fulcrum, and as g h is three times as long as f g, conse-r 

S iently if d be expanded ^ more than e, the end b will be 
evated T ^- of an inch, and thereby raise the weight o £ of an 
inch more than the expansion of d has depressed it. This 
increased elevation is intended to allow that the spring n ( the 
bar b , the rod *, and the bar m, unitedly,’will expand £ of an 
inch also, and if so, it must be apparent that the whole pen¬ 
dulum has preserved its equilibrium and remains precisely of 
the same length as if no change had taken place in any of its 
parts. 

Fig. 6 plate 3, shews a perpendicular view of the transverse 
bar f h, arranged so as to admit the corresponding bar for the 
other side to work freely, and at the same time preserve the 
four upper rods upon a line with each other, which, as the 
levers intrude within each other, could not be done without the 
reefiss as shewn in the section. The same letters correspond 
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to the same parts in Figs. 5 and 6. The dotted lines in Fig. 6, 
are intended to shew the relative position of the lever whjch is 
attached to the dotted line d , Fig. 5, in regard to the other. 

Baltimore, Md., 1834, 


XVIII .—*Description of an Economical Apparatus for 
Solidifying Carbonic Acid , recently constructed at the 
Wesleyan University , Middletown , Conn. By John 
Johnston, A. M., Professor of Natural Science. 

The, solidification of carbonic acid has of late excited con¬ 
siderable interest both in Europe and in this country; but the 
cost of the necessary apparatus has been considerable, and 
many probably have on this account, merely, been prevented 
from making any attempt to repeat the experiment. Most of 
our public literary institutions, in which alone in this country 
such apparatus is ever used, are obliged to study economy, 
and they are therefore often liable to be prevented from avail¬ 
ing themselves of the benefits of new discoveries like the 
present, merely on accdunkof the expense of apparatus. 

It is therefore thought a description of an economical ap¬ 
paratus for solidifying carbonic acid may be acceptable to the 
public, though we do nqt pretend to offer anything new on 
the general subject. 

The generator A, fig. 7 plate 3 is made of a common 
flask, several of which I have tested and find sufficiently string. 
They may be purchased in New York for a dollar a piece, or 
even less. The aperture at the neck may be a little enlarged, so 
as to make it an inch or an inch and a quarter in diameter, and 
the ^thread of the screw ip-cut. A plug of cast-steiel B is 
made of SI bar two inches in diameter, and turned with a wide 
and smooth shoulder, so as to fit accurately upon a collar of 
block-tin when screwed into its place, as represented in the 
figure. This collar should be soldfl-ed to the iron; which is 
easily accomplished by filing the iron bright and tinning it in 
the ordinary manner, and then melting the block-tin and pour¬ 
ing it on, having first screwed^ a cork into the "k|»ertuJe and 
formed a wall ot putty or clay at a sufficient distance aroiind 
it. The shoulder of the plug is readily made to fit the collar 
accurately by screwing it a few times into its place, and then 
removing with a coarse file the parts of the collar upon which 
it touches. In this manner an accurate joint may be made 
without the usq 6f a lathe ; and if the plug does not corres- 
pond precisely with the axis'of the flask it is just as well.^ 
The faucets oi* stop-cocks are the most difficult part to 
Vol. V.—No. §0, August, 1840. S 
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construct, /md occasion full half the expense. These in our 
apparatus are supposed to be essentially the same as are used 
by others for this purpose, but it may not be amiss to insert a 
description, since none has to my knowledge been given. There 
is this peculiarity about ours, however; they are inserted in the 
cast-steel plugs, which indeed* make a part of them. D fig. 8 
plate 3 is designed to represent the plug removed from the gen¬ 
erator ; at the upper end of it a hole F one inch in diameter is 
drilled about an inch deep, terminating in a hollow' cone into 
which the point G fig. P, is accurately ground. A small hole 
extends quite through the plug. Around the aperture F a collar 
of block-tin is fitted to receive the shoulder of the part E, as 
seen at I, and prevents any passage around the threads of the 
screw. Through the axis of the part E a hole three eighths 
of an inch in diameter is drilled, and receives the part G 
which is screwed in from below, the handle 1*1 being removed. 
The handle H should be afterwards riveted on. 

Now suppose H E G to be inserted in its place in the 
cast-steel plug, as represented at B I, fig. 7, the plug itself being 
screwed into the generator. If IF be screwed down, the 
aperture from the generator is firmly closed by the conical 
point G ; and by giving IF a single revolution in the opposite 
direction, the shoulder of G is brought firmly against the 
bottom of E, so that no escape is permitted directly upward, 
but only in a lateral direction through the brass tube L, which 
commas the generator with the receiver C. A. washer of 
lead should be placed around the shoulder of G, in 
ord^r to secure a perfect metallic contact between it and the 
bottom of E. 

The receiver C Is made of the best boiler iron, which was 
strongly welded around a cylinder and a bottom also welded 
in. It is of the same height as the generator, which c is about 
one foot, but only about two inches in diameter internally, 
and has a capacity of about one pint. This form enables it 
to resist, much greater pleasure than if it was of a larger dia¬ 
meter ; and it is rather an advantage than otherwise to have 
it of the same length as the generator. 

, A east-stegl plug with stop-cock precisely similar to the 
one described, screws into the receiver, as the other does into 
the generator. The tube L screws into the plug which is 
inserted in the receiver, and the other end, turned to a conical 
point, fits accurately into a cavity in the plug B, and is held 
in its place by means of the stirrup screw M. Another stirrup 
screw N, awd filock of wood O, secures the receiver C in its 
place. - 

X'j use this apparatus the generator and receiver aresepa- 
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rated, and the plug B being removed, two pounds of bicar¬ 
bonate of soda, made into a paste with the same weight of 
water, are introduced into A, and twenty ounces* of strong 
sulphuric acid are poured into several lead vessels, made by 
soldering bottoms in pieces of lead tube a little shorter than 
the length internally of the generator, and of such a diameter 
that they will just pass the aperture. These being nearly 
filled with acid are dropped into the generator, which, after 
the plug B is inserted, is allowed to lie on one side for fifteen 
or twenty minutes, or a less time if it is several times rolled 
over to mix the acid with the soda. The receiver is then 
attached to it as seen in the figure, by tneans of the stirrup 
screws ‘M and N; and if kept sufficiently cool by means of 
ice, the liquid carbonic acid formed in A will shortly be dis¬ 
tilled over into.C, the passage between them being of course 
previously opened by means of the stop-cocks before des¬ 
cribed. * 

The stop-cocks are now to be, closed and the receiver, 
which now contains the liquid carbonic acid, separated from 
the generator. A small tin^up is then to be attached to the 
tube L, precisely as in. Dr. Mitchell’s apparatus,t to receive 
the jet of the acid from the receiver. It is essential that the 
liquid acid should escape into this cup, which is effected by 
having a small tubtf pass from the steel plug nearly to the 
bottom of the receiver, or by inverting the receiver before 
opening the stop-cock. 

The best method of testing the strength of the apparatus, ’ 
is by means of a hydraulic press, but it can be done as effec¬ 
tually by permitting it to lie, when charged, exposed to the 
direct rays of the sun, and excluded from currents of. air, till 
the temperature rises to 100° efr 110° F. This should be 
done two or three times bdbre running any risks by ventur¬ 
ing to handle the apparatus while charged. 

It has been*our object to construct an apparatus for forming 
th? solid acid merely, but the gauges for ascertaining the 
pressure, &e. might of course be added as in Dr. Mitchell’s 
apparatus. 

The above apparatus, including the expense of testing 
three times, cost us about nineteen dollars. 


* The quantity of acid required to saturate or neutralize the soda would be 
a little more than 24 oz., or 32 oz. only ;if the soda is in crystals, but some¬ 
thing less than this should always be used. 

+ Journal of the Franklin Institute. Vol. xxii. p. 289, and Vol. xxxr.jv346 

of Silliman’s Journal, 
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XIX.— Organic Chemistry. Memoir oh the Essence of 
Crystallized Peppermint . By M. Walter. 

(Extracted from the Complex Jtendus.) 

In a note I had the honor of communicating to the academy 
relative to the essence of crystallized mint. I endeavored to 
discover if it were necessary to place this among a group of 
peculiar bodies, of which, ordinary camphor would be the type; 
or if its place ought to be in that very nearly related, and at 
present so numerous, group of alcohols, of which ordinary 
alcohol is the type.* The experiments I have tried decide in 
favor of the first opinion: in fact, the reactions which are 
exercised on J,he essence common sulphuric acid and per- 
chloriire of phosphorus, neat and decisive reactions, of which 
I shall treat in detail hereafter, are adverse to the idea of 
considering it as a common alcohol. The group with its de¬ 
rivatives is more numerous than we should at first be tempted 
to suppose. I have tried to represent, it in the following 
table, in which several bodies are even yet, only hypothetical, 
and present gaps which I hope ere long will be filled up. 

C 10 H 3(i -f- H 1 0‘ J essence of mint C i0 JrP'mcnthene 

C» Ip -j- H 4 O 2 unknown.C 40 H 32 essence of teribenthine 

O * 0 !! 28 -f- H 1 O 2 camphor .C 40 H 2g chmphone 

C 40 IT H -f- H 4 O 2 unknown.C 40 H 2 * unknown 

4 . H 4 O-aniseed.C 40 H 20 anisene ’ 

ll 16 + H*0 2 unknown.C 10 H 10 napthaline 

The essence of mint presents itself under the form of 
colorless prisms, of a taste and smell which belong to the 
essence of powdered mint. -It is rather soluble in water, very 
much so in alcohol, spirit of wood, ether, and essence of 
terebenthine; its point of fusion is at 34°c., the point of ebulli¬ 
tion 213 c., under the pressure of 0 !n .76\ Anhydrous phos¬ 
phoric and ordinary sulphuric acids, perchlorate of phosphosua, 
dry chloride acting sometimes in the dark and sometimes as¬ 
sisted by the solar rays, exercise particular reactions. My 
analyses agree with those of M. Dumas, and the density of 
the vapor which I have found for him. The following are the 
data of one of these analyses : 0.3225 essence of mint, 0.9055 
carbonic acid, 0.372 water, which gives in centiemes 77.68 
carbon, 12.83 hydrogen, 9.19 oxygen: these results agree 
with the rational formula C‘° H 10 C 2 , which gives 77.27 car¬ 
bon, 12.62 hydrogen, 16.11 oxygen. The density of the vapor 
was found 4.62; calculation gives it 5.455. An equivalent of 
epypnee contains four volumes of vapor. 
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Menthhie .—Causing anhydrous phosphoric acid to react on 
the essence of mint, we obtain a particular liquid body to 
which I have given the name of menthene. Distilling ifonce 
or twice over anhydrous phosphoric acid is sufficient to purify 
it. This liquid is clear, transparent, and of an agreeable 
smell, its taste is cool; it is soluble in alcohol, ether, &c.; 
burns with a sooty flame, boils at 163°c., under a pressure of 
0.76 : its specific gravity is 0.851 at 21°c. Chlore and nitric 
acid react in a peculiar manner: brome produces it in a very 
characteristic deep red eolorisation: subjected to analyses it 
has afforded me the following result: 0.372 menthene, 1.178 
carbonic acid, 0.426 water, or in centiemes 87.59 carbon, 12.71 
hydrogen. This result agrees perfectly with the formula 
C‘° H i0 , which would give 

C 40 =1530=87.18 
H M = 225=12.12 

1 took the densjty»of the vapor twice, and found it =»4.9 ; 
the calculation, according to*the formula quoted above, gives 
4.8. Hence an equivalent of menthene contains 4 volumes 
of vapor. 

Common sulphuric acid when cold exercises no sensible 
action on the essence of mint: the mixture only takes a red 
color; but if we heat it in a sea-bath it divides itself into two 
strata, one colorless and fluid, the other thick and^deeply 
colored with red; the upper stratum supplied several quies 
with cold sulphuric acid exhibits all the characters and com¬ 
position of pure menthene, the other, thick, saturated with dif¬ 
ferent bases, gave me nothing from which I could infer the 
existence of sulpho-menthic acid.* 

Chlorp-menthdne .—in order to prepare a chlorhydrate of 
menthene analogous to the chlorhyarates of bicarbonated 
hydrogen or methylene, I caused some perchlorure of phos¬ 
phorus to react on essence of mint; the faction was very 
lively, it disengaged abundant vapors of chlorhydric acid. By 
distilling the whole in a small excess of perchlorure of phos¬ 
phorus, there passed in the recipient, first, protochlorure of 
phosphorus, then perchlorure,«and finally, an oleaginous body. 
The mixture supplied with water, caused to appear on the 
surface of this latter an oleaginous body, which^ washed with 
water and a solution of carbonate of soda, afterwards redis¬ 
tilled twice in perchlorure of phosphorus, washed, put in con¬ 
tact with chlorure of- calcium melted, and placed in vacuo, 
was subjected to analysis. 

0.24 of matter £ave 0.608 carbonic acid and 0.214 water. 
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0.3565 of matter decomposed by incandiscent lime, furnished 
0 :M .0 of chloride of silver. 

These reduced to eentiemes, give 

Carbon.70.09 

Hydrogen. 9.89 

Chlore .20.87 * 

Thev agree with the formula of chloro-menthene, which is 

C i0 =09.91 
H 31 = 9.77 
Cl 2 =20.32 


Chloro-mentliL-ue is a pale yellow liquid, its smell is aro¬ 
matic, resembling that of mace flowers, the taste fresh; it 
boils at 204 c., and burns with a fuliginous flame edged with 
green: a concentrated solution of caustic potassa has no effect 
upon it. Hence collecting these charactei istics we may con¬ 
clude that menthene and chloro-m.euthene are two bodies of 
the same type, having the same relationship between them as 
defying and chloro-lefying gas, or further, as acetic and 
chloro-acctic acid. * 

The action which chlore exercises on,the essence of menthene 
gives rise to compounds of a complicated composition. Caus¬ 
ing dry chlore to pass through essence of mint, abundant 
vapors of chloror-hydrie acid are liberated, and we at length 
obtain a yellow liquid more dense than water, which, purified 
and^rjed by the ordinary methods and subjected to analysis, 
gjtv'f the following result: 0.338 matter, 0.7 carbonic acid, 

0.22 water_0 365 matter gave 0.557 chlorure of silver, or 

in eentiemes, 


Carbon. 

Hydrogen... 

Chlore . 

Oxygen. 


49.92'\ Thiscomposi- 

6 29 t* on * a tf rccs very 
’ ,-nearly wit)* the-. 

O / .0 following for- 
) mula: 


/C*° =1530=50.4 
H 31 = 193= 6.3 
Cl’ =1106=^36.5 
O* = , 200 = 6.8 


This product exposed to the action of chlore and sglar 
light becomes more pale, viscous, loses also 6 equivalents of 
hydrogen which arc replaced by 6 of chlore; in short, 0,321 
matter employed gave 0.411 carbonic acid, 0.112 water; 
0.283 matter furnished 0.643 cjilorure of silver. These data 
reduced to eentiemes become 


Carbon.34.42\ 

Hydrogen ... 3.87 

Chlore ..56.0 

Oxygen 


Which agrees 
with the for¬ 
mula : 


P40 

H* 

Cl» 

(O 2 


.1530=35.4 
=. 156= 3.6 
=2434=56.3 
* 200= 4.6 


I now pass on to the reactions produced by nitric acid and 
chhfte on menthene. 
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Cold nitric acid exercises no action; but on warming it, 
the reaction is made with extreme violence: numerous reeti- 
lant vapors and carbonic acid arc liberated. At the en<5 the 
reaction is made with extreme difficulty/ We obtain a yellow 
liquid soluble in water and alcohol, which, purified and sub¬ 
mitted to analysis, gave the following result: 0.374 matter, 
0.582 carbonic acid ; 0.222 water or in ccntiemes, 43.05 car¬ 
bon ; 0.5 hydrogen, 50.45 oxygen, which nearly agrees with 
the formula ^ C a,J II 18 O 9 . This acid demands a particular 
study. 

Causing dry chlore to pass through mentheue, the chlore 
attacks it in a very energetic manner, and changes it into a 
juicy liquid of a yellow color, which, purified and dried in 
vacuo, gave the following result: 0.311 matter, employed 
0.441 carbonic .acid, 0.136 water; 0.282 matter, employed 
0.653 chlorure of silver, or in ccntiemes : 


Carbon.39. 2i 

Hydrogen ... 4.,8 {- 
Chlore .*5.71 ] 


Winch tends to 
the formula: 


(C 10 =1530=39.18 
Ii-'« = 162= 4.17 
(Cl 10 =2213-56.67 


In this reaction, the jnenthene has lost 10 equivalents of 
hydrogen which have been replaced by 10 of chlore. 

All my attempts to produce with essence of mint and the 
different reactives of the compounds analogous to those which 
afford us alcohol, spirit of wood, ether, placed under the same 
circumstances ha^Rg failed, the action of sulphuric acid, per- 
chlorure of phosphorus, and phosphoric acid having always 
given me very particular and novel results, we may conclude 
that essence of crystalised mint cannot be regarded as an or¬ 
dinary alcohol. Hence I shall be led to place it in the same 
group with camphor and acetone, which it very much re¬ 
sembles. • * 


- --- 

XX .—Researches on the Phenomena resulting from the intro¬ 
duction of certain Salts in the way of the circulation . 
By M. Blake. 

(Extracted from the Comptcs liendus.) 

Solutions of several salts, potassa, soda, ammonia, baryte, 
lime, and magnesia, have been, says the author, injected into 
the veins or arteries, and the resulting phenomena have in 
most cases been studied with the assistance pf the hcemodyna- 
mometer. A striking difference in the physiological action 
of these substances, has caused them to.be divided into two 
classes; the one containing salts which destroy the irritability 
of the heart as soop as any blood vitiated by their presence 
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circulates • in the partitions of this intestine ; and the other 
containing those substances which, without diminishing the 
irritability of the heart, cause death by stopping the blood in 
the lungs, by an influence which it seems to exercise over the 
capillary system of these organs. These two classes of sub¬ 
stances, distinct as to their physiological action, arc so also 
with regard to their chemical composition. 

In fact, salts which have soda for a base seem to be the only 
ones which exercise no action on the irritability of the heart, 
whilst those of all other bases, at least all that we have tried, 
stop the contractions of the heart when they are introduced 
into the blood in any considerable quantity. 

Our author goes on to say that, if the presence of the salts 
of soda in the blood do not stop the irritability of the heart, 
it determines other perturbations which cause these salts to be 
ranked as the most rapidly fatal poisons. If a solution of one 
of these substances be injected into the jugular vein of a dog, 
the arrival of the blood to the left heart, is hindered in about 
six seconds although the contractions bf 11118 entrail do not 
cease. At the same time the blood accumulates in the right 
heart and in the veinous system, producing on the partitions 
of the veins a pressure capable of balancing a column of mer¬ 
cury two inches in length. This pressure re-acting on the 
sides of the ventricules of the brain, as on all the other parts 
of the veinous system, must produce on Ube encephale a de¬ 
gree of compression quite suflicient to acco^ht for the sudden 
death which happens, to animals subjected to experiment, 
thirty or forty seconds after the injection of the poison in the 
veins. 

After death the heart still preserves its contractibility ; but 
so powerful is the obstacle which the capillaries of the lungs 
oppose to the passage of these substances over theif calibers, 
that it has sometimes been impossible to Aryl the slightest 
trace of them injthe left heart. If the quantity of the salt 
introduced in the vein is not sufficient to completely stoj/the 
passage of the blood over the lungs, their action on the 
capillaries is still demonstrated by the augmentation of the 
broncliic secretion, of which the quantity is increased so as to 
cause the animal to perish of ‘lethargy after having filled the 
aerial ways. 

The phenomena which follow the injection of the second 
class salts in the veins arc very different from those we have 
described above. The deepest method of studying their 
action, consists in injecting them in the veins of an animal 
whose thorax has previously been opened, and upon which 
tber* artificial respiration is practiced; from seven to ten se- 
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conds after the injection, we perceive the movements of the 
heart cease, and the irritability of this entrail so completely 
destroyed, that however small the dose of poison has "been, 
the application even of the two poles of the pile, some seconds 
after death, is insufficient to reproduce the contractions of the 
heart. Death does not follow with so much rapidity as when 
the pulmonary circulation is stopped, for we see the sensibility 
and respiration continue from two to three minutes, after the 
pulsations of the heart have ceased. 


XXI .—“Proceedings of the American Philosophical 
Society.”—November and December , 1839. 

The committee, consisting of Dr. Baehe, Dr. Patterson, 
and Mr. Booth, to whom the paper of Doctor Hare, read at 
the last meeting of the society’, was referred, entitled, “ Des¬ 
cription of an Apparatus for deflagrating carburets, phosphu- 
rets, oi\cyanides, an \acuo, or in an atmosphere of hydrogen, 
between electrodes of charcoal; with an account of the results 
obtained by these and other means, especially the isolation 
of calcium, and formation of a new fulminating compound, 
By R. Hare, M. I)., Professor of Chemistry in the University 
of Pennsylvania,” reported in favor of publication in the 
Society’s Transactions. The publication was ordered accord¬ 
ingly. 

The apparatus is of a convenient construction for the pur¬ 
poses designated in the title of the paper. The lower elec¬ 
trode or cathode is* a parallelopipedon of charcoal, on which 
the body is placed, to be subjected to the influence of one or 
more batteries ; and tubes with *valvc-cocks, communicating 
witfi an*air pump, a barometer-gauge, and a reservoir of 
hydrogen, opep into the interior of a ground plate, on which 
a bell-glass is fitted, air tight. In the experiments of the 
author, an equivalent of lime was heated with one equivalent 
and a half of bicyanide of mercury, in a porcelain crucible, 
enclosed in the alembic made for this purpose, and described 
in a former paper. The weight of the residue was such 
as would result from the union of an equivalent of calcium 
with an equivalent of cyanogen. This was then subjected 
to galvanic action on the cathode of the apparatus, the 
anode being brought, in contact with it, and the result 
was the production of masses on the charcoal, having a 
metallic appearance. 

Phosphuret of calcium, exposed in the same manner in the 
galvanic circuit, ]eft pulverulent matter which effervesced 
Vol. V—No. 26, August, 1840. T 
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in water,, and, when rubbed on porcelain, appeared to 
contain metallic spangles, which were rapidly oxidized in 
the air. 

In one experiment, particles of charcoal, apparently fused 
or resembling plumbago, dropped from the anode. 

After heating lime with bicyanide of mercury, the mass 
was dissolved in acetic acid, in which nitrate of mercury pro¬ 
duced a copious ■white precipitate, that detonated under the 
hammer like fulminating silver. 


On a New Compound of Deutochloride of Platinum , Nitric 
Oxide , and Hydrochloric Acid. By IIenry D. Rogers, 
Professor of Geology in the University of Pennsylvania, 
and Martin II. Boye, Graduate of the University of 
Copenhagen. 

This substance is procured* by dissolving platinum in an 
excess of nitromuriatic acid, and evaporating nearly to dry¬ 
ness; after which it is treated with aqua regie, freshly prepared, 
from concentrated hydrochloric'’and nitric acids. A little 
water, is afterwards added, drop by, drop, just sufficient t§ 
keep the chloride of platinum dissolved, when the compound 
will remain in the form of a gamboge yellow powder. It is 
then separated by decanting and filtering; and pressed between 
the folds of bibulous paper, and dried in vacuo over sulphuric 
acid. , 

The precipitate is a yellow, minutely crystalline powder, 
which absorbs water with great avidity. It may be preserved, 
without decomposition, in dry air, or in vacuo. It is decom¬ 
posed by water, alcohol, &c., with extrication of nitric oxide, 
chloride of platinum remaining in solution. A concentrated 
solution of chloride of platinum has, however, no action oft it. 
Heated in an atmosphere by hydrogen, it gives, off a large 
amount of chloride of ammonium, leaving I. residuum of 
metallic platinunf? 

Analysis —The salt analysed, was prepared and kept in the 
manner described. Heated to the temperature of 212° F., it 
does not part with any of its water of combination. For esti¬ 
mating tne amount of platinum and chlorine, the salt was 
fused with carbonate of potassa, &c., and the platinum, thus 
obtained, weighed by itself, and the chlorine precipitated from 
the solution l>y nitrate of silver. 

The quantity of nitric oxide was determined by introducing 
a portion of the salt into a graduated tube, inverted over 
mercury, and decomposing it by letting up the requisite pro¬ 
portion of water. 
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The mean of a series of experiments, varied in different 
ways, gave 

Platinum, - 41.26 per cent 
Chlorine, - 43.89 “ 

Nitric oxide 4.98 “ 

The above results correspond to five atoms of bichloride 
of platinum ; five atoms of hydrochloric acid, and two atoms 
of nitric oxide. The water was calculated from the loss, in 
the analysis, to be equivalent to ten atoms. 

Respecting the chemical nature of this compound, it may 
be regarded, either as a chloride of platinum, with a muri¬ 
ate of nitric oxide, represented by the following formula, 
(Pt CP) ■+• [(Cl II) ■' + (NO 2 )-] + 10 Aq, or as a double 
chlorosalt, a chloroplatinate of nitrogen, with a ehloroplatinatc 
of hydrogen, represented by the formula, [(Pt CP) 2 + N CP]“ 
+ (Pt CP + II Cl) 4- 14 Aq. 


Hall of Uie American Philosophical Society. 

* •Philadelphia, December , 1839. 

To the Hon. Joel It, *Poinsett, Secretary of War, Sfc. Sfc. 

Sir :—The undersigned have beeu appointed a committee 
of the American Philosophical Society, to call your attention 
to, and invite, through the medium of your department, co¬ 
operation in, tile extensive system of magnetic and meteoro¬ 
logical observations about to be made under the direction of 
the British Government, and in connexion with their Antarctic 
expedition, particularly directed towards magnetic investiga¬ 
tions. 

The science of terrestial magnetism has of late years made 
gretit advances, through*the instrumentality of Humbolt 
Hansteen, Gauss and others, and has now reached that point 
where a systefh of combined observations at widely distant 
posits over the surface of the globe, appears to be necessary 
to its further progress : desultory effort has already done all 
that it is competent to effect. Such a series of systematic 
observations has now been set on foot by the British Govern¬ 
ment, directed to a better determination of the magnetic lines, 
for the use of navigators, and to the accurate investigation of 
the magnetic elements for theoretical purposes. The objects 
embraced are the measurement of the magnetic Intensity, dip, 
and variation, at different stations, by a ifautical expedition, 
and at fixed observatories, and especially the investigations of 
the variations of these elements at the latter joints. As sub¬ 
sidiary to these objects, combined meteorological observations 
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are to be made, which cannot fail to elucidate some of the 
most important questions in this useful science. 

The magnetic changes to be investigated are of three kinds : 
first, those which, depending upon a cause not yet satisfac¬ 
torily explained, take place slowly but regularly, causing a 
general displacement of the lines of equal variation and dip ; 
secondly, those which, depending upon the position of the 
sun, run through their period of change in a year or day, 
producing different values in the magnetic elements, according 
to the season or to the hour of the day ; and thirdly, the small 
disturbances which appear to be constantly taking place, and 
which require for their measurement continued observation 
with the most accurate instruments. 

The striking fact was proved in 1818, by the observations 
of Arago, at Paris, and of M. Kupfter, at Kasan, that the 
large changes which take place in the position'of the horizon¬ 
tal needle duiing the day, are simultaneous at these places, 
so distant from each other ; and a confirmation of the fact -as 
applying to even more distant stations,, resulted from the 
system of observations established by Humboldt and others 
in 1830, and extended, through the influence of the Imperial 
Academy of Sciences of St. Petersburg, to the most remote 
parts of the Russian empire, and even to Pekin. In 1834, 
the celebrated German philosopher Gauss, invented an in¬ 
strument for measuring the variation of the needle and its 
changes, which introduced into these determinations an ac¬ 
curacy similar to that attainable in astronomical measurements. 
This instrument was soon furnished to different observatories, 
and a concerted system of observations of the minute changes 
of variation was introduced, which is now going on at no less 
than twenty-three places in, Europe, the smaller and larger 
states having vied with each other t in providing the means of 
executing them. The stations include Altona, Augsburg, 
Berlin, Bonn, Brunswick, Breda, Breslau, Oussel, Copen¬ 
hagen, Cracow, Jlublin, Freyberg, Gottingen, Greenwich, 
Halle, Kasan, Leipsic, Marburg, Milan, Munich, Naples, 
St. Petersburg, and Upsala. 

The results already obtained and published by the German 
Magnetic Association, have proved satisfactorily that the 
minute changes in the direction of the needle, as well as the 
larger ones, are simultaneous at the different stations, varying 
however in amount, and the variation appearing to decrease 
in passing southward; but the influence of the position of the 
place, whether depending upon geographical or magnetic 
position, not having yet been fully determined, and being 
probably determinable only by observations at places even 
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more distant from each other than those now embraced in the 
German series. 

The invention of an instrument by Gauss, for determining 
the changes in horizontal magnetic intensity with the same 
accuracy as those of the direction of the needle, will give rise 
to interesting developments in regard to them; and the 
changes of the three elements of horizontal direction, and 
horizontal and vertical intensity are all included by the two 
instruments before referred to, and a third invented by Pro¬ 
fessor Lloyd, of Dublin. It is the object of the series now 
projected, to embrace these three elements; to extend the 
number of stations with special reference to their distribution 
at points of the earth interesting in their magnetic, relations ; 
to keep up a constant series of simultaneous observations for 
three years; and thus to effect, on an extended scale, what 
the German Magnetic Association has so well begun. The 
execution of this plan, with observations of an appropriate 
kind, directed also to magnetic research, by a naval expedi¬ 
tion, was recommended to the British Government by the 
membets of the British Association, including men of science 
from different countries, in 1838. It subsequently received 
the sanction of the Royal Society of London, was adopted by 
the Government, and is now in course of execution. It may 
be considered, therefore, to have been approved by the highest 
scientific authorities. In pursuance of this plan, stationary 
observatories arc to be established, and regular observations 
made, for the next three years, at Toronto in Upper Canada, 
at St. Helena, at the Cape of Good Hope, and at a station in 
Van Dieman’s Land. The East India Company have also 
undertaken to furnish the means of observation at nine points 
in their dominions. European •Governments, who have not 
hitherto joined in the German system, with which this will be 
in connexion, have also promised similar aid. It is this ex¬ 
tended schemfe, to which our attention has been specially 
invited by circular from the Royal Society«of London, and in 
which the American Philosophical Society desires that our 
country should co-operate. It is on a broad scale, worthy of 
all encouragement, and the magnitude of the scheme, the 
objects for which it is undertaken, and the possibility of its 
execution, all mark the character of the period in which we 
live. 

The Society would propose, in furtherance of this plan, 
that five magneti<#observatories should bfi established in the 
N. E., N. W., S. E., S. W., and at some central point of the 
United States, furnished with the instruments and observers 
necessary, fully to carry out the proper plau of combined 
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magnetic and meteorological observations. Should the pro¬ 
position to make this co-operation truly national, be acceded 
to, the details in relation to it can easily be arranged, and the 
Society will, the undersigned confidently believe, feel proud, 
to lend any aid in their power, in planning or executing them. 
It may perhaps be more satisfactory however, to state briefly, 
beforehand, the nature of the observations to be made, and 
the means required for their execution. 

The magnetic observations to be undertaken at the fixed 
observatories are, first, of the variation (declination), absolute 
horizontal intensity and dip ; second, of the changes of the 
variation of the horizontal intensity, and of the vertical inten- 
sity. The regular observations for changes in these elements, 
are to be made every two hours every day, (with the exception 
of Sundays,) for the next three years, beginning as soon as 
the several observatories can be arranged. To these are to 
be added more frequent obsetrations on one day of each 
month, including the four terms during the year, fixed 
by the German Magnetic Association. • At each station, a 
building of stone or wood will be'required, in tlufconstruction 
of which no iron must be employed. The instruments 
adopted by the British observers are the following: A mag¬ 
netometer for the declination, one for the horizontal force, 
one for the vertical force, a dipping needte, azimuthal transit, 
two reading telescopes,’ aud two chronometers. The estimated 
cost of c.ach set of these, is about fourteen hundred dollars. 
The cost of the observatory must vary with the place at which 
it is erected, and tire material chosen for it, but may be esti¬ 
mated at from one thousand to fifteen hundred dollars. One 
principal and three assistants will sufticc for making and 
reducing the observations at each station, and fol* carrying on 
a supplementary series of meteorological observation,«. The 
meteorological observations proposed, are on the pressure, 
temperature, and moisture of the air; on the*direction and 
force of the wind ;*t>n the quantity of rain; on the temperature 
of the ground at different depths; oil solar and terrestrial 
radiation; besides a few miscellaneous and occasional obser¬ 
vations, not necessary to be here stated. Regular observations 
are to be made on these points, four times every day, and 
every hour on one day in each month. The instruments 
required at caph station, are a barometer, a standard thermo¬ 
meter, a maximum and minimum thermom^er, a hygrometer, 
an anemometer, several extra thermometere, an aetinometer, 
and an apparatus for atmospheric electricity. Hie probable 
cost of each set of these would not exceed two hundred and 
fifty .dollars. The value of the results would be much increased, 
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by providing a self-registering anemometer and rain-gauge, 
instead, of the common ones, which would increase the cost 
of each set of instruments to five hundred and seventy dollars. 
The whole cost of erecting the five observatories, and providing 
them with excellent instruments, will probably not exceed 
sixteen thousand dollars; and if the observatory already 
existing at Philadelphia, and provided with the necessary 
instruments, should be adopted as one of the five, and four 
others be erected and furnished, the expense to the United 
States would not exceed twelve thousand dollars. 

No estimate is made of the cost of the principal and as¬ 
sistants for the proposed observatories. In the organization 
of the new British stationary observatories, these persons arc 
taken, in part, if not altogether, from the officers, non-com¬ 
missioned officers, and privates of the artillery. The acquire¬ 
ments of the graduates of our Military Academy, admirably 
fit them for directing the observatories, which might be appro¬ 
priately placed at military posts; so as to provide the officers and 
men necessary for making the observations, without additional 
expense. The direction thus given to the views of the com¬ 
mittee; the fact that you have long been enrolled as a 
member of the American Philosophical Society; and the 
interest which you have always manifested, both as an indi¬ 
vidual and in a public capacity, in all enterprises calculated to 
shed a lustre upon your country, have induced the Society to 
direct us to address ourselves particularly to you on this 
subject. * 

With the hope that your views may coincide with those of 
the Society, in regard to the plan now presented for your 
consideration, we are, very respectfully, yours, 

A. D..Bache, ' 

JR.. M. Patterson, 

Joseph Henry, Committee. 

J. K. Kane, 

Jos. G. Totten* ' 

On the Congelation of Water by the Evaporation of Ether. 

By Dr. Hare. 

For effecting the congelation of water by the evaporation 
of ether, it had been usual to expose a bulb, containing water 
and moistened by dje ether, to a current of air. ^Recently Dr. 
Hare had succeAd far more satisfactorily by exposing a 
quantity of water, twenty times as large as that usually em¬ 
ployed, covered by ether in a capsule to a blast of air, pro¬ 
ceeding from a vessel in which it had been condensed Jby a 



152 Proceedings of the American Philosophical Society 

pressure equal to one or two atmospheres. By these means, 
the freezing of the water might be seen by five hundred 
spectators. 

Having mentioned that the pure hyponitrous ether recently 
obtained, caused a cold of 15° by its evaporation, it would of 
course be inferred, as he had found to be the fact, that this 
last mentioned ether might be advantageously employed. 

When hydrie ether is employed, it should not exceed 730 
in specific gravity. % 

Hr. Hare further said, that it would probably be remem¬ 
bered, that about two years since, he had published au 
account of a new process for freezing water by the evapora¬ 
tion of ether, caused by a diminution of atmospheric pressure. 
In the process then described, concentrated sulphuric acid 
was interposed between the retort holding the water and ether, 
and the air pump. Since that time he had rendered the pro¬ 
cess more rapid and interesting by interposing an iron mercury 
bottle, with two cocks between the receiver holding the acid 
and the pump. The ether and water wer^ introduced into the 
retort. The beak of the retort*, properly bent-, entered the 
receiver, through the tubulure to which it was luted. The 
beak was of such a length and curvature, as to cause its ori¬ 
fice to be below the surface of the acid. The neck of the 
receiver communicated with the cavity of the bottle, that of 
the bottle with the pump. The apparatus being thus arranged, 
the bottle was exhausted, and the cock, communicating with 
the purrtp, closed. Under these circumstances, on opening 
a communication between the bottle and receiver, the pressure 
in that vessel and in the retort was so much reduced as to 
cause the instantaneous ebullition of the ether, so that little, 
if any subsequent aid, was required from the pump. But the 
result which gave increased interest to the process, was the 
inconceivable rapidity with which the acid, under tliese cir¬ 
cumstances, absorbed the ethereal vapor, which it appeared 
to do with greater .avidity as the process advanced. 

In fact, the water, in the act of congealing, flew all over 
the inner surface of the retort, in consequence of an explosive 
evolution of ethereal vapor, generated amid the aqueous 
particles. The congelation of the water was rendered evident 
to the ears as well to the eyes ot his class of more than three 
hundred students. 

. Dr. Hare fcaid, it did not appear to turn that sufficient 
attention had been* paid by artists or memm science, to the 
great difference which existed between the effect upon glass 
of heating it bjgradiation and by conduction. When exposed 
to radiant heafmlone, unaccompanied by flame, ora current 
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of hot air, glass is readily penetrated by it, and. is heated, 
within and without, with commensurate rapidity; but in the 
case of its exposure to an incandescent vapour or gas, the 
caloric could only penetrate by the process of conduction; 
and, consequently, from the inferior conducting power*of glass, 
the temperature of the outer and inner portions of the mass 
would be so different, as by the consequent inequality of ex¬ 
pansion to cause the fracture, which was well known, under 
such circumstances, to ensue. 

The combustion of anthracite coal, in an open grate, in his 
laboratory, having four flues of about 4.12 by 2.12 inches 
each, in area, just above the level of the grate (the upper 
stratum of the fire, having nothing between it and the ceiling,) 
had allowed him to perform some operations with success, 
which formerly, he would have considered impracticable. The 
fire having attained to that state of incandescence to which 
it easily arrives when well managed, he had, on opening a 
hole by means of an iron rod, so as to have a perpendicular 
perforation extending to the bottom of the fire, repeatedly 
fused the be&ks of retorts bf any capacity, not being more 
than three gallons, causing them to draw out, by the force of 
gravity, into a tapering tube; so that, on lifting the beak 
from the fire, and holding the body of the retort upright, the 
fused portion would* hang down so as to form an angle with 
the rest of the beak, or to have any desired obliquity. By 
these means, in a scries of retorts, the beak of the first might 
be made to descend through the tubulure of a second; the 
beak of the second through that of a third, and so on *, the beak 
of the last retort in the row being made, when requisite, to enter 
a tube passing through ice and water in an inverted bell-glass. 

By means of the anthracite fire, as above described, thick 
rods, a# well as stout tabes, might, as he had found, be 
softened and extended, or bent into suitable forms. 

The lower* end of a green glass phial, such as is used 
usually for Cologne water, might be mad£ to draw out into a 
trumpet-shaped extremity. A Florence flask might be heated, 
and made flat, so as to answer better for some purposes. 
The drawing out of tubes into a tapering form, suitable for 
introducing liquids through setort tubulures, was thus easily 
effected; and m all cases the sealing of large tubes was better 
commenced in this way, although the blowpipe might be 
necessary to cloga a capillary opening which could not be 
closed by the fireT 

Dr. Hare further communicated a method of preparing 
pure chlorohydric acid, from the impure muriatic acid of com¬ 
merce, by the action of sulphuric acid. * 

Vol. V.—No..2f>, August , 1840. H 



154 Proceedings of the American Philosophical Society. 

• • 

It is known, said Dr. Hare, that concentrated sulphuric 
acid, when added to liquid chlorohydric acid, expels more or 
less of it as a gas, in consequence of its superior affinity for 
water. At the present low price of the ordinary acid of com¬ 
merce, Dr. llare had found it advantageous to procure the 
latter in purity, by subjecting it to the former. 

A tubulated glass retort, having been half filled with chlo- 
rohydric acid, sulphuric acid was allowed to drop from a glass 
funnel, with a cock, into a tube descending into the acid in 
the retort through the tubulure, to which it was luted bv strips 
of gum-elastic. The tube terminated in a very small bore. 
The beak of the retort, bent in the fire, as he had just 
described, descended through the tubulure into the body of a 
small retort containing water not refrigerated. The beak of 
the latter descended into a larger one, half fall of water, to 
which ice was .applied. Of course the beak of the third might, 
in like manner, enter the body of a fourth. After an equi¬ 
valent weight of sulphuric acid had been introduced, and the 
evolution of gas was no longer sufficiently active, heat might 
be applied until nearly all the chlorohydric acid should come 
over. 

The residual diluted sulphuric acid was, with the addition 
of nitrate of soda or potassa, or nitric acid, as serviceable 
for galvanic purposes, as if it had not been thus used. 

Dr. Have further communicated a method of preparing 
hydrochloric acid and chlorine in the self-regulating reservoir 
invented by him, and spoke of some of the applications of 
the gases thus prepared. * 

Dr. Hare was under the impression that few chemists were 
aware of the great advantage of the self-regulating reservoirs 
of gas, to which he had resorted. He was enabled, by megns 
of them, to keep hydrogen, carbonic acid, uitric oxide, chlo¬ 
rine, chlorohydric acid, sulphydric acid, and t arseniuretted 
hydrogen, so as to use any of these gases at pleasure, lie 
had kept these reservoirs in operation for months, without 
taking the constituent vessels apart. 

By means of the reservoir of chlorohydric acid he had been 
encouraged to make an effort which proved successful; to 
form artificial camphor by the impregnation of oil of turpentine 
with that gas. 

Subjecting fin ingot of tin to a current of chlorine from his 
reservoir, it was rapidly converted into the bichloride, or fuming 
liqupr of Libavius. To his surprise the ingot was fused by 
the heat generated. In the last mentioned reservoir, the mar 
terials were manganese, in lumps, and concentrated chloro¬ 
hydric acid, diluted sulphuric acid being also introduced; as 
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the reaction of this last mentioned acid with thd manganese 
was more active than that of the chlorohvdric acid. I.n fact, 
sulphuric acid, diluted with its weight of water and common 
salt, might be used without chlorohydrie acid. In the reser¬ 
voir for chlorohydrie acid, the materials were sal ammoniac 
and sulphuric acid, to which some water was added, but not 
so much as to prevent the chlorohydrie acid from assuming 
the gaseous state. 

lie had found it preferable to keep the sulphvdric acid 
reservoir in a flue, the gas being drawn, when wanted, through 
a globe of water, by means of a leaden tube, at a convenient 
place. ’ It would be desirable that the reservoirs of chlorine 
and chlorohydrie acid should be similarly situated. 


XXII.—MISCELLANEOUS ARTICLES. 


Wreck of the “ lloyal George 


Thor great explosion 


announced on the ldih instant took 


place on the 22nd, being the same day, and very little later 
than the hour stated. * The effect was beautiful, aud the in¬ 


tention of firing it having been generally known, it was wit¬ 
nessed by a vast number of spectators, notwithstanding that it 
blew a stiff breeze, which deterred many from going out to 
Spithead. The morning was very fine, but doubts W'cro enter¬ 
tained whether the high wind might not prevent the operation, 
until eight o’clock, when the red flag w r as hoisted from all the 
Royal George flotilla—namely, the Success frigate hulk, and 
the two lumps usually moored over tlie wreck, olio of which, 
No. 4, was removed about 60 yajrds to the westward, whilst the 
other remained over the ^pot intended for tlie explosion. As 
soon a£ these flags w'ere seen, it w r as know that the operation 
would be attempted, at the afternoon slack. In the mean 
time, Lieut. Symonds, the executive engineer, according to 
a*plan preconcerted between him and Colonel Pasley, sent 
down Mr. George Hall, the diver, who placed first a charge of 
471b., and afterwards another of 2601b. of powder, on the spot 
originally occupied by tlie main hatchway on the orlop deck, 
which were fired successively by Professor Darnell's voltaic 
battery, as soon as he came up, the second charge being placed 
in the hole made by the first. The object of these charges, 
which were fired at the morning slack, was to make a de.'p 
crater or hole for the great charge proposed t o be fired at the 
afternoon slack. Colonel Pasley came out about one o’clock, 
and at half-past one the great cylinder, loaded with 25^ 
barrels, or nearly 2,3001b. of gunpowder, with tlie voltaifc con* 
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ducting apparatus attached to it, was raised out of a launch 
alongside by the derrick of No. 5, lump, and lowered into the 
water so as to rest a little above the surface, where it remained 
suspended by the bull-rope of the derrick. Hall was then 
sent down, and made fast a down haul rope with a single 
sheave block to a solid piece of timber, which he found at the 
bottom of the crater produced by the morning’s explosion. 
He came up, and handed over the end of this rope, which was 
attached to the cylinder, to which a couple of pigs of ballast 
were added, to make it sink more easily; after which it was 
lowered from No. 5 lump, and accompanied in its descent by 
Hall, who had a line attached to it in his hand, and who made 
signals to the men above, either to lower or occasionally to 
raise, or to move the cylinder to the eastward or westward, as 
required, until he ‘ guided it into its proper place, where he 
lashed it to the timber before-mentioned. At about a quarter 
past two o’clock he came up, and reported that it was properly 
placed. Whilst being lowered, the voltaic conducting appa¬ 
ratus attached to the cylinder was veered out, and the oilier 
end of it was taken on board No. 4 lump, and placed near the 
voltaic battery, where Lieutenant Symondsnow stationed him¬ 
self. No. 5 lump was then removed to the distance of 70 or 
80 yards to the southward of the spot where the cylinder 
had been let down. All being now ready, Colonel Pasley, 
who remained in that lump, ordered his bugler first to sound 
the “preparative,” and in about a minute afterwards “ the 
fire.” At that moment Lieut. Symonds completed the circuit 
with the voltaic battery, • and an immediate explosion took 
place, the shock being felt and the report heard at the same 
instant. In a few seconds afterwards the siirlace rose three or 
four feet in a circle of moderate size, from the center of which 
almost immediately afterwards, a splendid column of Water at 
least 50 feet high, and of a conical form, wfts thrown up, 
beautifully sparkling in the sun, which was hailed by the 
hearty cheers of all the workmen employed, as well as the rib- 
merous spectators, and soon after several large fragments of the 
wreck came lioating up to the surface, which proved to be the 
lower part of the main-mast. The form of the column of 
water was not so regular as on former occasions, owing to the 
strong wind which acted upon it. When it fell dow n again, 
clear circular Waves spread outwards from the same centre, 
making a great commotion at the surface, and causing No. 4 
lump, which was nearest to the explosion, to pitch a good deal. 
Soon after this the mud from the bottom came up, blackening 
the same circle of water, which spread outwards, discoloring 
the surface as it extended, and at the same ‘time stilling the 



Miscellaneous Articles. 


157 


swell of the sea for a space of perhaps 200 yards in diameter, 
A great number of small fish came up dead, As on former 
occasions, which were picked up by the boatmen. More than 
50 yachts or large sailing bouts came out, whose deVks were 
covered with spectators, among whom were a great number of 
ladies. The two admirals and the general commanding the gar¬ 
rison, with a great number of naval and military officers, and 
most of the officers of the dockyard,*with their families, were 
present, many of whom went on board the two lumps to have a 
better view of the operations. The deck of the Success frigate 
was also crowded with spectators. The Bishop of Norwich, 
the Astronomer Itoyal, and the Russian Consul-General were 
present. 

The cylinder used on the 22nd was of wood with iron hoops, 
like a mooring buoy, made by Mr. Harding, the master capstan 
maker, in Chatham dockyard^ and protected by two coats of 
canvass and several coats of a waterproof composition discovered 
by Sergeant-Major # Joncs, which by numerous experiments 
tried to compare it with athcr compositions, by order of 
Colonel Paslcy,’was found to be far superior to any in former 
use, as it combines absolute resistance to the greatest pressure 
of water with a certain degree of elasticity that does not allow 
it to crack. This skilful and zealous officer and a party of 
Royal sappers and miners have been most useful in all the 
operations, and since one of the three excellent professional 
divers engaged wars obliged to give up on account of fil-health, 
Corporal Harris has supplied his place, and made himself 
much more useful in that capacity than could have been ex¬ 
pected from so short an apprenticeship, for he lias only worked 
two weeks in this department. Resides the divers, whose ser¬ 
vices are of the most essential importance, the dockyard rig¬ 
gers under Mr. Clewitt, of Portsmouth, and James Chapman, of 
Chatham yard, have given the greatest satisfaction, as well as 
the naval pensioners, about 40 in number^most of whom were 
petty officers, and who, though all middle-aged or elderly men, 
have been extremely zealous and efficient. The Lively sailing 
lighter, commanded by Mr. Harfield, goes backwards and for¬ 
wards continually, and the seamen belonging to her are kept 
in constant employment in faking on board or landing the 
timbers and guns recovered from the wreck, of the former of 
which an immense pile has been deposited in Portsmouth dock¬ 
yard. The whole is superintended by Lieut. Symonds with 
great skill and indefatigable activity, who carries on the work 
at every slack tide, except when it blows a gale approaching 
to a hurricane, that is, always twice, and sometimes three times, 
a day, accordinjg»to the moon's age, and never goes on %hore 
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but oil Sundays. Col. Pasley usually goes out to Spithead 
once .a day, except when his duty requires him at Chatham, 
where he passes about half his time. The massy oak timbers 
upon which the foremast and mizenmast were stepped, the 
after-part of the keel, the whole steriipost and dead wood over 
it, and an immense mass of the starboard bow, which rested on 
the keel, weighing more than 30 tons, and which was knocked 
down about eight montli* ago by the last great explosion of 
1839, having been got up this season, together with the heel 
of the mainmast having been disengaged from its step by the 
great explosion which we have just described—these circum¬ 
stances shew that the demolition and removal of wreck have 
extended nearly to the bottom of the vessel, and also prove 
that the mud has no tendency to accumulate, but is cleared 
away by tin 4 action of the tides, in proportion as the upper 
parts of the wreck are demolished and removed. The effect 
of the last explosion could not be ascertained, as the tide ran 
too strong for Hall, the diver, who went, down again after it, 
to quit hi« ladder, but it is presumed that it will have blown 
out the larboard side of the wreck, and that it will have broken 
up timbers in all directions, probably fracturing not only the step 
of the mainmast, but the kelson and keel below' it. The star¬ 
board side opposite was shattered and thrown down by the first 
great explosion of 183,9. Upon the whole, though opinions 
were very much divided at first, and perhaps generally unfa¬ 
vorable, vhere seems every reason to hope, that before the end 
of the season the whole of the wreck of the Royal George will 
have been sufficiently removed to enable vessels to anchor over 
the spot without incurring the risk of losing their anchors and 
cables. If so, probably the,Government maybe induced to 
remove the wreck of*the Edgar also, from which Lieut. Symopds 
recovered five iron guns during Col. Easley’s last official visit 
to Chatham, the surface of which, after an immersion of 129 
years, proved to converted into very soft carburet of iron 
or plumbago to a considerable depth, on removing the mask of 
oysters, &c., with which they were incrusted. These guns are 
remarkable for being much thicker at the breech and thinner 
at the muzzle than guns of the same calibre of more modern 
construction, from which the iron guns recovered from the 
Royal George differ veiy little. 


The Atmospheric Railway Carriages. 

It is upwards of a year and a half since we described the 
experiment made by Mr. Clegg, in the borough, on the mode, 
of propelling carriages by means of exhausting a pipe, or tube, 
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with which the carriages were connected, and thch admitting 
the atmospheric air, and, as it were, forcing the carriages or 
train along, and thus superseding the necessity of gas or any 
other power for the conveyance of a train along a railor tram- 
road. These experiments were very successful; indeed, so 
successful, that few persons had any doubt about the ultimate 
success of the principle of the invention. Oil Thursday the 
experiments were exhibited on a large scale, on a railroad 
which connects, or is intended to connect, the line of the Bir¬ 
mingham, the Bristol, and the Thames Junction Lines, com¬ 
mencing within a short distance of Shepherd’s Bush, and 
running in a westerly direction for about three quarters of a 
mile. The carriage put in motion, with the persons on it, 
did not weigh much less than 12 tons; but it travelled with 
great ease at the rate of 25 miles an hour. The exhaustion 
pipe, or tube, laid down, which was not the propelling agent, 
but the means of development, was about 9 inches indiametcr. 
The engine by which it was exhausted—namely, a pump, 
worked, by s^cam—rendcred.it fit for the operations required 
in about two minntes and a half; and from the index, that is 
quicksilver, employed *at the termini , it was ascertained that 
the operation was performed simultaneously at both ends of 
the line. There wqs no noise, no smoke, and, what is better, 
no danger of explosion, or of a power which could not be 
governed. In short, the experiment was as successful as its 
most warm well-wishers could expect, and shewed -that the 
agency of steam is not a sine qua non on a railroad. Without 
going into the minute history of railroads, it may be as well 
to say, that this power may be applied to any railroad at a 
saving of about 70 per cent..; and that it is of sufficient force 
to preclude the necessity of tunnelling.. It is applicable to 
almost any gradients. Tfie experiments were attended by a 
great number# of the nobility, and by many.,scientific men. 
The Archbishop of Canterbury, Lords Charleville, Rodstoek, 
and Prudhoe, the Marquis of Douro, LorS Howick, and Lord 
Stuart do Itothsay, &c. were on the ground, and expressed 
their satisfaction at the result of the experiments*-- Times . 


Frog found in Coal. 

On Wednesday morning, as two colliers, Geftrge Ross and 
James Gardner, were in one of the rooms of the Old Muir- 
field Pit, at Gargieston, they found a living frog embodied in 
the solid seam of coal, at least twelve fathoms beneath the 
surface of the earth. The nich in which it had lived was 
perfectly smooth ■inside, of the exact shape of the frogf, and 
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without a crack or crevice to give admittance to air. The 
hind legs of the animal are at least a third longer than usual, 
the fore lege shorter, the toes longer and harder, and its gene¬ 
ral colour is of a bronze hue. It leaped briskly about, the 
moment that it was excavated from its narrow cell. How 
many centuries it has been shut out from light and air, and 
entombed in its dreary dormitory, it is impossible to say—cer¬ 
tain it is, that, although diminutive in form, and with great 
brilliancy of eye, it has a most antediluvian aspect .—Scotch 
paper. 


On the separation of Lime from Magnesia , and on the Assay 
of Gold . By Lewis Thompson, Esq. M. R. C.-S. 

To separate Lime from Magnesia. 


Dissolve the combined earths in dilute nitric or muriatic 
acid, and precipitate the filtered solution by means of an excess 
of carbonate of soda; dry the precipitate, and place it in a 
coated green glass tube, so disposed that the whole can be 
heated to a dull red heat; when red hot pass a current of 
well-washed, chlorine through the tube for a few minutes: the 
Jime will be greeted into chloride of calcium, but the mag¬ 
nesia remains unacted upon. When the whole is cool, remove 
the mass from the tube, and boil it for a minute or two in 
water, filter theliquid and wash the insoluble portion (which 
is magnekia) with water, and precipitate the lime from the 
ON^iadiquors by carbonate of soda. The heat should not 
ekceeda dull re d, as the mass is apt to become vitrified at 
■the part which touche^ the tube, and this renders it difficult 
to remove fhe contents. 




Tg Assay &otd. 


I* 


Take six grains of the gold to be assayed hud place in a 
email crucible, witfe. fifteen grams of silver, and from eightj to 
twelve.grains of cliidwde of silver, according to die supposed' 
impurity of the golditJptly add fiftygrams of common salt 
^chloriHa of lodiumji rddq'Ced to fine powder so as to prevent 
decrepitation; fuse‘the together for five minutes, and 

allow it to becorae cold f lieh take out the metallic button 
and beat it into a khm plate, and subjeef it to the action of 
dilpte'nkric acid & In the ordinary mode of parting* By this 
plan the tedious ’protege' of. cupeflation is avoided, the baser 
metals£heu%< wholly removed by the chlorine of silver, and 
fheir flitd supplied by pute silver, • v ■ 
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H jfi Convection, or carrying discharge (continued). *IT xi. Relation 
of a vacuum to electrical phenomena. §. 19. Nature of the elec¬ 
trical current. 

-%!#&• (Continued from page 284 ). 

* ‘ * 

iGlO. The latter experiments (1609-) may therefore be consi¬ 
dered as failing to give the hoped-for proof, but I have much con¬ 
fidence in the former (1605. 4608.), and in the considerations 
(1603.) connected with them. If I have rightly viewed them, 
and we may be allowed to relate the currents at points and surfaces 
in such extremely different bodies as air and the metals, and admit 
that they are effects of the same kind, differing only in degree and 
in proportion to the insulating or conducting power of the dielec¬ 
tric used, what great additional argument we obtain in favour of 
that theory, which in the phenoraena pf insulation and conduction 
also, asitf these. ^ldlu& the same apparently dissimilar sub- 
Vol V.— No. £& November, 1840. 2 S 
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stances together (133(i. l£()l.); and how completely the general 
view, which refers all the phenomena to the direct action of the 
molecules of matter, seems to embrace the various isolated pheno¬ 
mena as they successively come under consideration ! 

Hi] 1. The connection of this convective or carrying effect, which 
depends upon a certain degree of insulation, with conduction ; i. e- 
the occurrence of both in so many of the substances referred to, 
as, for instance, the metals, water, air, &e., would lead to many 
very curious theoretical generalizations, which 1 must not indulge 
in here. One point, however, I shall venture to refer to. Con¬ 
duction appears to be essentially an action of contiguous particles, 
and the considerations just stated, together with others formerly 
expressed ( 13526. I 33b, v%:e.), lead to the conclusion, that all bodies 
conduct, and by the same process, air as well as metals ; the only 
difference being in the necessary degree offeree or tension between 
the particles which must exist before the act of conduction or 
transfer from one particle to another can take place. 

1()12. The question then arises, what is this limiting condition 
which separates, as it were, conduction and, insulation from each 
other ? Does it consist in a difference between the two contiguous 
particles, or the contiguous poles or these particles in the nature 
and amount of positive and negative force, no communication or 
discharge occurring unless that difference rises up to a certain 
degree, variable for different bodies, but always the same for the 
same bod}' ? Or is it true that, however small the difference be¬ 
tween two such particles, if time be allowed, equalization of force 
will take place, even with the particles of such bodies as air, sul¬ 
phur or lac? In the first ease, insulating power in any particular 
body would be proportionate to the degree of the assumed necessary 
difference of force; in the second, to the time required to equalize 
equal degrees of difference in different bodies. With regard to 
airs, one is almost led to expect a permanent difference of force, 
but in all other bodies, time seems to be quite sufficient to ensure, 
ultimately, complete conduction. The difference in the modes by 
which insulation may be sustained, or conduction effected, is not a 
mere fanciful point, but one of great importance, as being essentially 
connected with the molecular theory of induction, ami the m^n,^ 
in which the particles of bodies assume and retain their polarized 
state. 


51 xi. Relation of a vacuum to electr ical phenomena. 

1613. It Would seem strange if a theory which refers all the 
phenomena of insulation and conduction, i. e. all electrical pheno¬ 
mena, to the action of contiguous particles, were to omit to notice 
the assumed possible case of a vacuum. Admitting that a vacuum 
can be produced, it would be a very curious matter indeed to 
knov' what its relation to electrical phenomena would be; and as 
shell-lac and metal are directly opposed to ea£h t other, whether a 
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vacuum would be opposed to them both, and allow neither of in¬ 
duction or conduction across it. Mr. Morgan* has said that a 
vacuum does not conduct. Sir H. Davy concluded from his in¬ 
vestigations, that as perfect a vacuum as could be madet did 
conduct, but does not consider the prepared spaces which he used 
as absolute vacua. In such experiments l think I have observed 
the luminous discharge to be pi ineipally on the inner surface o( 
the glass; and it does not appear at all unlikely, that, if the 
vacuum refused to conduct, still the surface of glass next it might 
carry on that action. 

Hi 14. At one time, when I thought inductive force was exerted 
in right lines, I hoped to illustrate this important question by mak¬ 
ing experiments on induction with metallic mirrors (used only as 
conducting vessels) exposed towards a very clear sky at night time, 
and of such concavity that nothing but the firmanent could be visible 
from the lowest part of the concave n, fig. 29 , plate iii. Such mirrors, 
when electrified, as by connection with a Leyden jar, and examined 
by a carrier ball, readily gave electricity at the lowest part of their 
concavity if in a room; but l was in hopes of finding that, circum¬ 
stanced as before seated, they would give little or none at the same 
spot, if the atmosphere above really terminated in a vacuum. I was 
disappointed in the conclusion, for l obtained as much electricity 
there as before ; but on discovering the action of induction in curved 
lines (1231.), found a full and satisfactory explanation of the result. 

1 (>15. My theory, 3 s far as I have ventured it, does not pretend to 
decide upon the consequences of a vacuum. It is not at present 
limited sufficiently, or rendered precise enough, cither by experi¬ 
ments relating to spaces void of matter, or those of otherJtinds, to 
indicate what would happen in the vacuum case. I have only as 
yet endeavoured to establish, what all the facts seem to prove, that 
when electrical phenomena, as those of induction, conduction, in¬ 
sulation and discharge occur, they depend on, and are produced by 
the action of contiguous particles ofjnatter, the next existing particle 
being considered as the contiguous one; and I have further assumed, 
that these particles are polarized; that each exhibits the two forces, 
or the force in^wo directions (1295- 1298 .) ; and that they act at 
a distance only by acting on the contiguous and intermediate par- 

- * 

‘ 1610. But assuming that a perfect vacuum were to intervene 
in the course of the lines of inductive action (1304.), it does not 
follow from this theory, that the particles on opposite sides of such 
a vacuum could not act on each other. Suppose it possible for a 
positively electrified particle to be in the centre of a vacuum an inch 
in diameter, nothing in my present views forbids that the particle 
should act at the distance of half an inch on all the particles form¬ 
ing the inner superfices of the bounding sphere, and with a force 
consistent with the well-known law of the squares of the distance. 
But suppose the sphere of an inch were full of insulating matter, 

• Ibid. »«2*2, P- fib 


, * Philosophic^ Transactions, 17 8 . 1 , p. 272. 
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the electrified particle would not then, according to my notion, act 
directly on the distant particles, but on those in immediate associa¬ 
tion with it, employing all its power in polarizing them ; producing 
in them negative force equal in amount to its own positive force and 
directed towards the latter, and positive force of equal amount di¬ 
rected outwards and acting in the same manner upon the layer of 
particles next in succession. So that ultimately, those particles in 
the surface of a sphere of half an inch radius, which were acted on 
directly when that sphere was a vacuum, will now be acted on 
indirectly as respects the central particle or source of action, i. e. 
they will be polarized in the same way, and with the same amount 
of force. 


§ IP. Nature of the electric current. 

1617 . The word current is so expressive in common language, 

that when applied in the consideration of electrical phenomena we 
can hardly divest it sufficiently of its meaning, or prevent our minds 
from being prejudiced by it (283. 511.). 1 shall use it in its com¬ 

mon electrical sense, namely, to express generally a certain condi¬ 
tion and relation of electrical foices 'supposed to be in- progression. 

1618. A current is produced both by excitement and discharge ; 

and whatsoever the variation of the two general causes may be, the 
effect remains the same. Thus excitement may occur in many 
ways, as by friction, chemical action, influence of heat, change of 
condition, induction, &c.; and discharge has the forms of conduc¬ 
tion, electrolyzation, disruptive discharge, and convection ; yet the 
current connected witli these actions, when it occurs, appears in all 
cases to be the same. This constancy in the character of the current, 
notwithstanding the particular and great,variations which may be 
made in the mode of its occurrence, is exceedingly striking and im¬ 
portant ; and its investigation and development promise to supply 
the most open and advantageous road to a true and intimate un¬ 
derstanding of the nature of electrical'forces. < 

1619. As yet the phenomena of the current have presented 
nothing in opposition to the view I have taken <flf the nature of 
induction as an action of contiguous particles. 1 have endeavoured 
to divest myself of prejudices and to look for contradictions, k&M 

• have not perceived any in conductive, electrolytic, convective, or 
disruptive discharge. 

1620 . Looking at the current as*a cause, it exerts very extraor¬ 
dinary and diverse powers, not only in its course and on the bodies 
in which it exists, but collaterally, as in inductive or magnetic 
phenomena. 

1621 . Electrolytic action .—One of its direct actions is the, exer¬ 
tion of pure chemical force, this being a result which has now been 
examined to 'a considerable extent. The effect is found to be 
constant and definite for the quantity of electric force discharged 
(783, &c.) ;..ana beyond that, the intensity required is in relation 
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to the intensity of the affinity or forces to be overcome (904. go6. 
911 .). The current and its consequences are here proportionate; 
the one may be employed to represent the other ; no part of the 
effect of either is lost or gained; so that the case is a strict one, 
and yet it is the very case which most strikingly illustrates the 
doctrine that induction is an action of contiguous particles (1164 
1343.). 

1622 . The process of electrolytic discharge appears to me to be 
in close analogy, and perhaps in its nature identical with another 
process of discharge, which at first seems very different from it, 
I mean convection. In the latter case the particles may travel for 
yards across a chamber; they may produce strong winds in the 
air, so as to move machinery ; and in fluids, as oil of turpentine, 
may even shake the hand, and carry heavy metallic bodies about ;* 
and yet T do not see that the force, either in kind or action, is at 
all different to that by which a particle of hydrogen leaves one 
particle of oxygen to go to another, or by which a particle of 
oxygen travels in the contrary direction. 

1623. Travelling particles of the air can effect chemical changes 
just as well as the,contact of a fixed platina electrode, or that of a 
combining electrode, or ions oi*a decomposing electrolyte (453.471); 
and in the experiment formerly described, where eight places of 
decomposition were refliTered active by one current (46.9.), and 
where charged particles of‘air in motion were the only electrical 
means of connecting; these parts of the current, it seems to me that 
the action of the particles of the electrolyte and of the air were 
essentially the same. A particle of air was rendered positive; it 
travelled in a certain determinate direction, and comingan elec¬ 
trolyte, communicated its powers; an equal amount of positive 
force was accordingly acquired by another particle (the hydrogen), 
and the latter, so chargechtravellcd as the former did, and in the satne 
direction, until it came to another particle, and transferred its power 
and motion, making that other particle active. Now, though the 
particle of air travelled ove»a visible and occasionally a large space, 
whilst the particle of the electrolyte moved over ail exceedingly 
small one; tffough the air particle might be oxygen, nitrogen, or 
hydrogen, receiying its charge from force of higfftlntensity, whilst 

electrolytic particle of hydrogen had a natural aptness to receive 
the positive condition with extreme facility ; though the air particle 
might be charged with very little electricity at a very high intensity 
by one process, whilst the hydrogen particle might be charged with 
much electricity at a very low*intensity by another process; these 
are not differences of kind, as relates to the final discharging action 
of these particles, but only of degree; not essential differences which 
tnake thuigs unlike, but such differences as give to things, similiar 

. * If a metallic vessel three or four inches deep, containing oil of turpentine, 

be Insulated and electrified,-and a rod with a ball (an inch or more in diameter) 
at the end, have the ball immersed iu the fluid whilst the end is hold in the 
halnd, the mechanical force generated when the ball is moved to and groni the 
rides of the vessel wlft soon be evident to the experimenter. 
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the electrified particle would not then, according to my notion, act 
directly on the distant particles, but on those in immediate associa¬ 
tion with it, employing all its power in polarizing them ; producing 
in them negative force equal in amount to its own positive force and 
directed towards the latter, and positive force of equal amount di¬ 
rected outwards and acting in the same manner upon the layer of 
particles next in succession. So that ultimately, those particles in 
the surface of a sphere of half an inch radius, which were acted on 
directly when that sphere was a vacuum, will now be acted on 
indirectly as respects the central particle or source of action, i. e. 
they will be polarized in the same way, and with the same amount 
of force. 


§ 19. Nature of the electric current. 

16 17- The word current is so expressive in common language, 
that when applied in the consideration of electrical phenomena we 
can hardly divest it sufficiently of its meaning, or prevent our minds 
from being prejudiced by it (283. 511.). 1 shall use it in its com¬ 

mon electrical sense, namely, to express generally a certain condi¬ 
tion and relation of electrical foi ces supposed to be in progression. 

1 () 1 8 . A current is produced both by excitement and discharge; 
and whatsoever the variation of the two ^feneral causes may be, the 
effect remains the same. Thus excitement may occur in many 
ways, as by friction, chemical action, influence of heat, change of 
condition, induction, &c.; and discharge has the forms of conduc¬ 
tion, electrolyzation, disruptive discharge, and convection ; yet the 
current connected with these actions, when it occurs, appears in all 
cases to be the same. This constancy in the character of the current, 
notwithstanding the particular and great variations which may be 
made in the mode of its occurrence, is exceedingly striking and im¬ 
portant; and its investigation and development promise to supply 
the most open and advantageous road to a true and intimate un¬ 
derstanding of the nature of elcctrieahforccs. *'■ 

16’19. As yet the phenomena of the current have presented 
nothing in opposition to the view I have taken df the nature of 
induction as an action of contiguous particles. 1 have endeavoured 
to divest myself of prejudices and to look for contradictions, 

- have not perceived any in conductive, electrolytic, convective, or 
disruptive discharge. 

1620 . Looking at the current as*a cause, it exerts very extraor¬ 
dinary and diverse powers, not only in its course and on the bodies 
in which it exists, but collaterally, as in inductive or magnetic 
phenomena. 

1621 . Electrolytic action .—One of its direct actions is the exer¬ 
tion of pure chemical force, this being a result which has now been 
examined to ’a considerable extent. The effect is found to be 
constant and definite for the quantity of electric force discharged 
(7«3, &,c.); -and beyond that, the intensity reared is in relation 
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to the intensity of the affinity or forces to he overcome (904. 906. 
91 l.J. The current and its consequences are here proportionate; 
the one may be employed to represent the other ; no part of the 
effect of either is lost or gained; so that the case is a strict one, 
ami yet it is the very case which most strikingly illustrates the 
doctrine that induction is an action of contiguous particles (11(54. 
1343.). 

1622. The process of electrolytic discharge appears to me to be 
in close analogy, and perhaps in its nature identical with another 
process of discharge, which at first seems very different from it, 
I mean convection. In the latter case the particles may travel for 
yards across a chamber; they may produce strong winds in the 
air, so as to move machinery; and in fluids, as oil of turpentine, 
may even shake the hand, and carry heavy metallic bodies about ;* 
and yet I do not see that the force, either in kind or action, is at 
all different to that by which a particle of hydrogen leaves one 
particle of oxygen to go to another, or by which a particle of 
oxygen travels in the contrary direction. 

1623. Travelling particles of the air can effect chemical changes 
just as well as thc.contact of a fixed platina electrode, or that of a 
combining electrode, or ions of*a decomposing electrolyte (453.471); 
and in the experiment formerly described, where eight places of 
decomposition were reflcTered active by one current (4b'9.), and 
where charged particles of‘air in motion were the only electrical 
means of connecting; these parts of the current, it seems to me that 
the action of the particles of the electrolyte and of the air were 
essentially the same. A particle of air was rendered positive; it 
travelled in a certain determinate direction, and comingan elec¬ 
trolyte, communicated its powers; an equal amount of positive 
force was accordingly acquired by another particle (the hydrogen), 
and the latter, so chargedTtravelled as the former did, and in the satne 
direction, until it came to another particle, and transferred its power 
and motion, making that other particle active. Now, though the 
particle of air travelled ovew a visible and occasionally a large space, 
whilst the particle of the electrolyte moved over an exceedingly 
small one; tffough the air particle might be oxygen, nitrogen, or 
hydrogen, receiying its charge from force of high intensity, whilst 

electrolytic particle of hydrogen had a natural aptness to receive 
the positive condition with extreme facility; though the air particle 
might be charged with very little electricity at a very high intensity 
by one process, whilst the hydrogen particle might be charged with 
ranch electricity at a very low*intensity by another process; these 
are not differences of kind, as relates to the final discharging action 
of these particles, but only of degree; not essential differences which 
make thuigs unlike, but such differences as give to things, similiar 

* If a metallic vessel three or four inches deep, containing oil of turpentine, 
be insulated and electrified, and a rod with a ball (an inch or more in diameter) 
at the end, have the ball immersed in the fluid whilst the end is held in the 
band, the mechanical force generated when the ball is moved to and (pm the 
rides of the vessel will soon be evident to the experimenter. 
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in their nature, that great variety which fits them for their office in 
the system of the universe. 

1624. So when a particle of air, or of dust in it, electrified at a 
negative point, moves on through the influence of the inductive 
forces (1 o'?2 ) to the next positive surface, and after discharge passes 
away, it seems to me to represent exactly that particle of oxygen 
which, having been rendered negative in the electrolyte, is urged 
by the same disposition of inductive forces, and going to the positive 
platina electrode, is there discharged, and then passes away, as the 
air or dust did before it. 

1625 . Heat is another direct effect of the current upon substances 
in which it occurs, and it becomes a very important question, as to 
the relation of the electric anil heating forces, whether the latter is 
always definite in amount.* There are many cases, even amongst 
bodies which conduct without change, which stand out at present 
from the assumption that it is ;+ but there are also many which 
indicate that, when proper limitations are applied, the heat pro¬ 
duced is definite. Harris has shown this for a given length of 
current in a metallic wire, using common electricity ;% and De la 
Rive has proved the same point for voltaic electricity by his beau¬ 
tiful application of Breguet's thermosnetcr.§ 

1626. When the production of heat is observed in electrolytes 
under decomposition, the results are stiifmore complicated. But 
important steps have been taken in the investigation of this branch 
of the subject by De la Rive|| and others; and it is more than 
probable that, when the right limitations are applied, constant and 
definite results will here also be obtained. 

1627. It is a most important part of the character of the current, 
and essentially connected with its very nature, that it is always the 
same. The two forces are everywhere in it. There is never one 
current of force or one fluid only. Any one part of the current 
may, as respects the presence of the two forces there, be considered 
as precisely the same with any other {fart; and the numerous Ex¬ 
periments which imply their possible separation, ps well as the 
theoretical expressions which, being used daily, assume it, are, I 
think, in contradiction, with facts (511, &c.). It eppears to me^to 
be as impossible to assume a current of positive or a current cf 
negative force alone, or of the two at once with any predominance 
of one over the other, as it is to give an absolute charge to matter 

(i i6y. 1177 *)- 

1628. The conviction of this trufh, if, as l think, it lie a truth, 

or on the other hand the disproof ^jf it, is of the greatest conse- 

& 

• See De la Rive's Ite^arclies, Bib. Uuivorselle, 18251,*1. p. 40. 

f Amongst others, Davy, Philosophical Transactions,'1821, p.438. Palle 
tier's important results, Annulet* do Chimle, 1884, Ivi. p. 371. and Becquerel's 
non-heating current. Bib. UnlverseHo, 1835, lx. 218. 

f Philosophical Transactions, 1824, pp, 225. 228. 

S Apnales do Chitnio, 1836, Ixii. 177. ; 

|| Bib. Onivtf&dle, I82f>, xl. 45»; and lUtrMe, JPtfl. Trhtts. 183%, 2110; 
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quence. 14’, as a first principle, we can establish that the centres 
of the two forces, or elements of fort e, never can be separated to 
any sensible distance, or at all events not further than the space 
between two contiguous particles (1615.), or if we can establish 
the contrary conclusion, how much more clear is our view of what 
lies before us, and how much less embarrassed the ground over 
which we have to pass in attaining to it, than if we remain halting 
between two opinions ! And if, with that feeling, we rigidly test 
every experiment which bears upon the point, as far as our preju¬ 
dices will let us (ll6l.), instead of permitting them with a theo¬ 
retical expression to pass too easily away, are we not much more 
likely to attain the real truth, and from that proceed with safety to 
what is at present unknown P 

1629 . I say these things not, I hope, to advance a particular view, 
but to draw the strict attention of those who are able to investigate 
and judge of the matter, to what must be a turning point in the 
theory of electricity ; to a separation of two roads, one only of which 
can be right: and l hope I rrfay be allowed to go a little further 
into the facts which have driven me to the view I have just given. 

1 630. When a #vise in the voltaic circuit is heated, the tempera¬ 
ture frequently rises first, orbiost at one end. If this effect were 
due to any relation of positive or negative as respects the current, 
it would be exceedingly important. I therefore examined several 
such cases; but when, keeping the contacts of the wire and its 
position to neighbouring things unchanged, I altered the direction 
of the current, I found that the effect remained unaltered, showing 
that it depended, not upon the direction of the current, but on 
other circumstances. So there is here no evidence cf a difference 
between one part of the circuit and another. 

1631. The same poin^ i. e. uniformity in every part, may be 
illustrated by what may be considered as the inexhaustible nature 
of the current when producing particular effects ; for these effects 
depend upon transfer only, and de not consume the power. Thus 
a Current which will heat one inch of platina wire will heat a hundred 
inches (853. note). If a current be sustained in a constant state, 
k will decompose the fluid in one voltameter only, or in twenty 
others if they be placed in the circuit, in e^ch to an amount equal 

that in the single one, 

1632. Again, in cases of disruptive discharge, as in the spark, 
there is frequently a dark part (I422.),which, by Professor Johnson, 
has been called the neutral point*; and this has given rise to the use 
of expressions implying that‘there are two electricities existing 
separately, which, passing to t%t spot, there combine and neutra¬ 
lize each othert. But if such expressions are understood as correctly 
indicating that positive electricity alone is, moving between the 
positive ball and that spot, and negative electricity only between 
the negative ball and that spot, then what strange conditions these 

* SiUiman's Journal, 1834, xxv. p. 57. • 

' + Thomson on Heat and Electricity, p. 471; 
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parts must be in; conditions, which to my mind arc every way un¬ 
like that which really occurs ! In sueli a case, one part of a current 
would consist of positive electricity only, and that moving in one 
direction; .another part would consist of negative electricity only, 
and that moving in the other direction; and a third part would 
consist of an accumulation of the two electricities, not moving in 
either direction, but mixing up together, and being in a relation to 
each other utterly unlike any relation which could be supposed to 
exist in the two former portions of the discharge. This does not 
seem to me to be natural. In a current, whatever form the dis¬ 
charge may take,or whatever part of the circuit or current is referred 
to, as much positive force as is there exerted in one direction, so 
much negative force is there exerted in the other. If it were not 
so we should have bodies electrified not merely positive and nega¬ 
tive, but on occasions in a most extraordinary manner, one being 
charged with five, ten, or twenty times as much of both positive 
and negative electricity in equal quantities as another. At present, 
however, there is no known fact indicating such states. 

1633. Even in cases of convection, or carrying discharge, the 
statement that the current is everywhere the same, must in effect be 
true (1627.) : for how, otherwise, could the results formerly de¬ 
scribed occur ? When currents of air constituted the mode of 
discharge between the portions of paper moistened with iodide of 
potassium or sulphate of soda (46/5. 469.), decomposition occurred ; 
and I have since ascertained that, whether a current of positive air 
issued from a spot, or one of negative air passed towards it, the 
effect of the evolution of iodine or of acid was the same, whilst the 
reversed currents produced alkali. So also in the magnetic experi¬ 
ments (307.) whether the discharge was effected by the introduc¬ 
tion of a wire, or the occurrence of a spark, or the passage of con¬ 
vective currents either one way or the other, (depending on the 
electrified state of the particles) the result was the same, being in 
all cases dependent upon the perfect current. 

1634. Hence, the section of a current compared with otfyer sec¬ 
tions of the same current must be a constant quantity, if the actions 
exerted be of the same kind; or if of different kinds, then the forms 
under which the effects are produced are equivalent to each other, 
and experimentally convertible at pleasure. It is in sections, there* 
fore, we must look for identity of electrical force, even to the’ 
sections of sparks and carrying actions, as well as those of wires 
and electrolytes. 

1635. In illustration of the utility and importance of establish¬ 
ing that which may be the true principle, I will refer to a few 
cases. The doctrine of unipolarity as formerly stated, and I think 
generally understood,? is evidently inconsistent with my view of a 
current (1627,); and the latter singular phenomena of poles and 

* Erman, Annalcs de Chimie, 1807, lxi. p. 115. Davy's Elements, p, 168. 
Biot, Epcy. Brit. Supp. iv. p. 444, Becquerel, Traite, i. p. 187. De la Hire, 
Bib. Uiiiv. 1837, vii. 392. 
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flames described by Erman and others* partake of th,e j»ame incon¬ 
sistency of character. If a unipolar body could exist, i. e, one 
that could conduct the one electricity and not the other, what very 
new characters we should have a right, to expect in the currents of 
single electricities passing through them, and how greatly ought 
they to differ, not only from the common current which is supposed 
to have hoth electricities travelling in opposite directions in equal 
amount at the same time, but also from each other! The facta, 
which are excellent, have, however, gradually been more correctly 
explained by Becquerei,+ Andrews, J and others; and I understand 
that Professor Ohms§ has perfected the work, in his close exami¬ 
nation of all the phenomena ; and after showing that similar phe¬ 
nomena ccn take place with good conductors, proves that with 
soap, &c. many of the effects are the mere consequences of the 
bodies evolved by electrolytic action. 

1 (i&6. I conclude, therefore, that the fads upon which the doctrine 
of unipolarity was founded are not adverse to that unity and indi¬ 
visibility of character which I have stated the current to possess, 
any more than the phenomena of the pile itself, which might well 
bear comparison wjtl\ those of unipolar bodies, are opposed to it. 
Probably the effects which haves been called effects of unipolarity, 
and the peculiar differences of the positive and negative surface 
when discharging into ""Sir, gases, or other dielectrics (1480. 
1525.) which have been already referred to, may have considerable 
relation to each other.y 


1 637. M. de la Rive fias recently described a peculiar and remark¬ 
able effect of heat on a current when passing between electrodes and 
a fluid.1T It is, that if platina electrodes dip into acidulated water 
no change is produced in the passing current liy making the positive 
electrode hotter or colder; whereas making the negative electrode 
hotter increased the deflexion of a galvanometer affected by the 
current, from 12° to 30 s * and events 0 , whilst making it colder* 
diminished the current in tho same high proportions. 

1 638. "That one electrode should have this striking relation to 
heat whilst the*other remained absolutely without, seem to me as 
incompatible with what I conceived to be the character of a current 
as rihqpolarity (102,7. 1635.), and it was therefore with some anxiety 


* Erman, Aunoles de Chimie, 1824, xxv. 278. Becquerel,Ibid. xxxvi. p. 329. 
f Becqiiortfl, Atmales de Chiruie, 1831, xlvi. p. 283. 

+ Andrews, Philosophical Magazine, 1836,ix. 182. 

§SchwelgRer’s Jtvhrbuoh dor Chemie,&c.1830. Heft 8. Not understanding 
Geftqdn, it, is with extreme, regret I coufess 1 have not access, and cannot do 
jnstted, to the'niany mfist valuable paptrs in experimental electricity published 
in that language. I take this opportunity also of stating another circumstance 
which occasions me great trouble, and, as 1 fiud by experience, may make tno 
seemingly regardless pf the labours of othersit is a gradual loss of memory 
for some years past j and now, often when I read a memoir, I remember that I 
have seen it before, and would have rejoiced if at the right time T could ha-Vc ’ 
recollected and referred to it in the progvess of my own papers.—M. F. 
j| See also Hare in Silliihan’S Journal, 1833, xxiv. 216. « . 

Bibliolheque UniWsolle, 1837, vii. 388. 
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that I repeated the experiment. The electrodes which I used were 
of piatina ; the electrolyte, water containing about one sixth of sul¬ 
phuric acid by weight: the voltaic battery consisted of two pairs of 
amalgamated zinc and piatina plates in dilute sulphuric acid, and 
the galvanometer in the circuit was one with two needles, and gave 
when the arrangement was complete a deflexion of 10° or 12 u . 

l63f). Under these circumstances heating either electrode in¬ 
creased the current; heating both produced still more effect. When 
both were heated, if either were cooled, the effect on the current 
fell in proportion. The proportion of effect due to heating this or 
that electrode varied, but on the whole heating the negative seemed 
to favour the passage of the current somewhat more than heating 
the positive. Whether the application of heat were by a flame ap¬ 
plied underneath, or one directed by a blow pipe from above, or by 
a hot iron or coal, the effect was the same. 

l6’40. Having thus removed the difficulty out of the way of my 
views regarding a current, I did not pursue this curious experiment 
further. It is probable, that the difference between my results and 
those of M. de la Rive may depend upon the relative values of the 
currents used ; for I employed only a weak sue resulting from two 
pairs of plates two inches long Aiul half an inch wid£, whilst 
M. de la Rive used four pairs of plates of sixteen square inches in 
surface- 

1641. Electric discharges in the atmosphere in the form of balls 
of Are have occasionally been described. Such phenomena appear 
to me to be incompatible with all that w r e know of electricity and 
its modes,of discharge. As time is an element in the effect (1418. 
1436 .) it is possible perhaps that an electric discharge might really 
pass as a ball from place to place; but as every thing shows that 
its velocity must be almost infinite, and the time of its duration 
exceedingly small, it is impossible that the eye should perceive it 

‘as anything else than a line light. That phenomena of balls of 
fire may appear in the atmosphere, i do not mean to d^ny; ‘but 
that they have anything to do with the discharge of ordinary elec¬ 
tricity, or are at all related to lightning or atmospheric electricity, 
is much more than doubtful. 

& 

1642. All these considerations, and many others, help to confirm 

the conclusion, drawn over and over again,, that the current is an 
indivisible thing; an axis of power, in evefy part of which both 
electric forces are present in equal amount* (517* With 

conduction and electrolyzation, and even discharge by spark, such 
a view will h&Vmunizc without hurting any of our preconceived 
notions ; but as relates to convection, a more startling result 
appears, which must therefore be considered. 

* X am glad to refer here to the results obtained by Mr. Christie with mug 
neto i'lertriofy, Philosophical Transactions,.1833, p. 113. note. An regards,Hie 
current itrs wire, they confirm everything that I am contending for. 
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1643. If two balls A and B be electrified in opposite states and 
held within each other's influence* the moment they move towards 
each other, a current, or those effects which are understood by the 
word current, will be produced. Whether A move towards B, or 
B move in the opposite direction towards A, a current, and in both 
eases having the same directum, will result. If A and B move 
from each other, then a current in the opposite direction, or equi¬ 
valent effects, will be produced. 

lb44. Or, as charge exists only by induction (1178. 1299.), and 
a body when electrified is necessarily in relation to other bodies in 
the opposite state; so, if a ball be electrified positively in the 
middle of a room and be then moved in any direction, effects will 
be produced, as if a current in the same direction (to use the con¬ 
ventional mode of expression) had existed : or, if the ball be nega¬ 
tively electrified, and then moved, effects as if a current in a direc¬ 
tion contrary to that of the motion had been formed, will be 
produced. 

1045. I am saying of a single'particle or of two what I have be¬ 
fore said, in effect, of many (1633.). If the former account of 
currents be true, then that just stated must be a necessary result. 
And, though*the statement mly seem startling at first, it is to be 
considered that, accord in^to my theory of induction, the charged 
conductor or particle is related to the distant conductor in the op¬ 
posite state, or that which terminates the extent of the induction, by 
all the intermediate particles (1165. 129o.), these becoming polar¬ 
ized exactly as the particles of a. solid electrolyte do when interposed 
between the two electrodes. Hence the conclusion regarding the 
unity and indentity of the current in the case of convection, jointly 
with the former cases, is not so strange as it might at first appear. 

t 

1 646. There is a very remarkable phenomenon or effect of the 

clectrolitic discharge, first pointed out, I believe, by Mr. Porrett, of 
the accumulation of fluid under decomposing action in the current 
on bne side of an interposed fliaphragm.* It is a mechanical result; 
and as the liqpid passes from the positive towards the negative 
electrode in all the known cases, it seems to establish a relation to 
the nolar condition of the dielectric in which tfye current exists (1164. 
1525!). It has not as yet been sufficiently investigated by experi¬ 
ment ; for De la Rive says,f it requires that the water should be a 
bad conductor, as, for instance, distilled water, the effect not hap¬ 
pening with strong solutions; whereas, Dutrochet says! the con¬ 
trary is the case, and that, tHe effect is not directly due to the 
electric current. » 

1647. Becquerel iri*his Traite de l’Electricite H&s brought to¬ 
gether the considerations which arise for anti, against the opinion, 
that the effect generally is an electric effect.§. Though I have no 

* Annals of Philosophy, 1816, viii. p. 7.). 

f Annalns do Chimin, 1883, xxviii! p. 196. 

t Annalcsdo Chijoie, 1832, xltx. p, 123. S Vol. ir. p. 192. 
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decisive fact*to quote at present, 1 cannot refrain from venturing an 
opinion, that the effect is analogous both to combination and con¬ 
vection (1623.), being a case of carrying due to the relation of the 
diaphragm and the fluid in contact with it, through which the elec¬ 
tric discharge is jointly effected; and further, that the peculiar 
relation of positive and negative small and large surfaces already 
referred to (1482. 1503. 1525.), may be the direct eause of the fluid 
and the diaphragm travelling in contrary but determinate directions. 
A very valuable experiment has been made by M. llecquertl with 
particles of clay/ which will probably bear importantly on this 
point. 

1648. As long as the terms current and electro-dynamic are used 
to express those relations of the electric forces in which progression 
of either fluids or effects are supposed to occur (283.), so long will 
the idea of velocity be associated with them ; and this will, perhaps, 
be more especially the ease if the hypothesis of a fluid or fluids be 
adopted. 1 

l64q. Hence has arisen the desire of estimating this velocity 
either directly or by some effect dependent on it.; and amongst the 
endeavouvs to do this correctly, niaf be mentioned especially those 
of Dr. Watsont in 174*8, and of Professor Wheatstone^: in 1834; 
the electricity in the early trials being supposed to travel from end 
to end of the arrangement, but in the latter investigations a di s- 
tinction occasionally appearing to be fnade between the transmission 
of the effect and of the supposed fluid by the motion of whose par¬ 
ticles that effect is produced. 

1650. Electrolytic action has a remarkable bearing upon this 
question of the velocity of the current, especially as connected with 
the theory of an electric fluid or fluids., In it there is an evident 
transfer of power with the transfer of each particle of the anion or 
cathion present, to the next particles of the cathion or anion; and 
as the amount of power is definite, we have in this way a means of 
localizing as it were the force, identifying it by the particle find 
dealing it out in successive portions, which leads, ^ think, to very 
striking results. 

1651. Suppose, for instance, that water is undergoing decompo¬ 
sition by the powers of a voltaic battery. Each particle of h^tiro- 
gen as it moves one way, or of oxygpn as it moves in the other 
direction, will transfer a certain amount of electrical force associated 
with it in the form of chemical affinity (822. 852. 918.) onwards 
through a distance, which ia equal'to that through which the par¬ 
ticle itself has moved. This trapsfer will be accompanied by a 
corresponding movement in the electrical t&ces throughout every 
part of the circuit fqrmed (1627. 1634.), and its effects maybe 
estimated, as, for instance, by the heating of a wire (853.) at any 
particular section of the current however distant. If the water be 

t Trail** do rfileciiirile, i. p. 285. f Philosophical Transactions, 1748. 

] Ibid, mi, p. 583, , 
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a cube of an inch in the side, the electrodes touching, each by a 
'surface of one square inch, and being an inch apart, then, by the 
time that a tenth of it, or 25*25 grains, is decomposed, the pbrticles 
of oxygen and hydrogen throughout the mass may be considered 
as having moved relatively to each other in opposite directions, to 
the amount of the tenth of an inch ; i. e. that two particles at first 
in combination will after the motion be the tenth of an inch apart. 
Other motions which occur in the fluid will not at all interfere with 
this result; for they have no power of accelerating or retarding the 
electric discharge, and possess in fact no relation to it. 

1652. The quantity of electricity in 25*25 grains of water is, 
according to an estimate of the force which I formerly made 
(801.), equal to above 24 millions of charges of a large Leyden 
battery; or it would have kept any length of a piatina wire 1-104 
of an inch in diameter red hot for an hour and a half (853.). This 
result, though* given only as an approximation, I have seen no 
reason as yet to alter, and it is confirmed generally by the experi¬ 
ments and results of M. Pouillet.* According to Mr. Wheatstone's 
experiments the influence or effects of the current would appear at 
a distance of 576,1)0?) miles in a second.t We have, therefore, in 
this view of the matter, on the one hand, an enormous quantity of 
power equal to a most .destructive thunder storm appearing y\- 
stantly at the distance of 576,000 miles from its source, and on the 
other, a quiet effect, in producing which the power had taken an 
hour and a half to travel through the tenth of an inch: yet these 
are the equivalents to each other, being effects observed at the sec¬ 
tions of one and the same current (1634.). 

1653. It is time that I should call attention to the lateaal or trans¬ 

verse forces of the current. The great things which have been 
achieved by Oersted, Ar^o, Ampere, Davy, De la Rive, and others, 
and the high degree of simplification which has been introduced 
into their arrangement by the theory of Ampere, have not only 
done their full service in advancing most rapidly this branch of 
knowledge, but have secured to it such attention that their is no 
necessity for urging on its pursuit. I refer of course to magnetic 
action and its relations ,* but though this is the only recognised 
la^rai action of*the current, there is great reason for believing that 
.others exist and would by their discovery reward a close search 
for them (951.). • 

1654. The magnetic or transverse action of the current seems 
to be"m a most extraordinary ^degree independent of those varia¬ 
tions or modes of action which it presents directly in its course; 
it consequently is of the more value to us, as it gives us a higher 
relation.of the power than any that might have Varied with each 
mode of discharge. This discharge, whether it be by conduction 
through a wire with infinite velocity (1652), or by electrolyzation 
with*its corresponding and exceeding slow" motion (1651.), or by 

' * Becquerel, Trait* ilc TJElectricite, v. p. 278. # 

£ Philosophical Transactions, 1831. p.589. 
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spark, and probably even by convection, produces a transverse 
magnetic action always the same in kind and direction. 

1655. It has been shown by several experimenters, that whilst 
the discharge is of the same kind the amount of lateral or magnetic 
force is v£ry constant (366. 36 7- 3b8. 87b.). But when we wish 
to compare discharge of different kinds, for the important purpose 
of ascertaining whether the same amount of current will in its dif¬ 
ferent forms produce the same amount of transverse action, we find 
tfie data very imperfect. Davy noticed, that when the electric cur¬ 
rent was passing through an aqueous solution it affected a magnetic 
needle*, and Dr. Ritchie says, that the current in the electrolyte is 
as magnetic as that in a metallic wiref, and has made water revolve 
round a magnet as a wire carrying the current would revolve. 

lb'56. Disruptive discharge produces its magnetic effects: a 
strong spark, passed transversely to a steele needle, will magnetise 
it as well as if the electricity of the spark were conducted by a 
metallic wire occupying the line of discharge ; and Sir H. Davy 
has shown that the discharge of a voltaic battery in vacuo is affected 
and has motion given to it by approximated magnets 

lfiST* Thus the three very different modes of discharge, namely, 
conduction, electrolyzation, and disruptive discharge, ugree in pro¬ 
ducing the important transverse phenomenon of magnetism. Whe¬ 
ther convection or carrying discharge will produce the same 
phenomenon has not been determined, kml the few experiments 1 
have as yet had time to make do not enable.,me to answer in the 
affirmative. 

lC)5S. Having arrived at this point in the consideration of the 
current anti in the endeavour to apply its phenomena as tests of the 
truth or fallacy of the theory of induction^ which Thave ventured 
to set forth, I am now very much tempted to indulge in a few 
speculations respecting its lateral action and its possible connection 
with the transverse condition of the lines of ordinary induction 
(11 fi.5. 1304.). I have long sought and still seek for an effector ccfti- 
dition which shall be to statical electricity what magnetic force is to 
current electricity; for as the lines of discharge are associated with a 
certain transverse effect, so it appeared to me impossible but that the 
lines of tension or of inductive action, which of necessity pre<L«le 
that discharge, should also have their correspondent transverse con¬ 
dition or effect (081.)* 

1659* According to the beautiful theory of Ampere, the trans¬ 
verse force of a current may be represented by its attraction for a 
similar current and its repulsion of a contrary current. May not 
then tlie equivalent transverse force of static electricity be repre¬ 
sented by that lateral tension or repulsion which the lines of induc¬ 
tive action appear to possess (1304.)? Then again, when current 


* Philosophical Transactions, 1821, p. 42ti, 
+ Ibid. 1H32, p. 2U4. 

4 Philosophical Transactions, 1821, p. fl7. 



or discharge occurs between two bodies, previously yndt r indue- 
•trical relations to each other, the lines of inductive force will w eaken 
and fade away, and, as their lateral repulsive tension diminishes, 
will contract, and ultimately disappear in the line of discharge. 
May not this be an effect identical with the attractions «of similar 
currents? e. may not the passage of static electricity into current 
electricity, and that of the lateral tension of the lines of inductive 
force ii'to the lateral attraction of lines of similar discharge, have 
the same relation and dependencies, and run parallel to each other? 

I6(i0. The phenomena of induction amongst currents which I 
had the good fortune to discover some years ago (6. &c. 104S.)may 
perchance here form a connecting link in the series of effects. 
When a current is first formed, it tends to produce a current in the 
contrary direction in all the matter around it; and if that matter 
have conducting properties and be fitly circumstanced, such a cur¬ 
rent is produced. On the contrary, when the original current is 
stopped, one in the same direction tends to form all around it, and, 
in conducting, matter properly arranged, will be excited. 

l6(il. Now though we perceive the effects only in that portion of 
matter which,being iy the neighbourhood, has conducting properties, 
yet hypothetically it is probable, that the non-conducting matter 
has also its relations to, and is affected by, the disturbing cause, 
though we have not yetT^discovered them. Again and again tfie 
relation of conductors and iron-conductors has been shown to be one 
not of opposition in Jvind, but only of degree (13.34. 1603.), and, 
therefore, for this, as well as for other reasons, it is probable, that 
what will affect a conductor will affect an insulator also; producing 
perhaps what may deserve the term of the clectrotonic state (60. 
242.1114.). * 

1662. It is the feeling of the necessity of some lateral connexion 
between the lines of eleetfic force (1114.); of some link in the chain 
of effects as yet unrecognised, that urges me to the expression of 
these speculations. The same feejing has led me to make many 
experiments on the introduction of insulating dielectricshaving dif¬ 
ferent inductive capacities (1270. 1277-) between magnetic poles 
and wires carrying currents, so as to pass across the lines of magnetic 
force. I have employed such bodies both at rest and in motion, 
witbput, as yet, being able to detect any influence produced by them; 
’but I do by no means consider the experiments as sufficiently deli¬ 
cate, and intend, very shortly, to render them more decisive. 

1663. I think the hypothetical question may at present be put 
thus: can such considerations as those already generally expressed 
(1658.) account for the transverse effects of electrical currents ? are 
two such currents in relation to each other merely by the inductive 
condition of the particles of matter between them, or are they in 
relation by some higher quality and condition (1654.), winch, 
acting at a distance and not by the intermediate particles, has, like 
the force of gravity, no relation to them ? 

l66+. If the latter be the case, then, when electricity is acting 
upon and in its direct and its transverse action are essentially 
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different in their nature ; for the former, if I am correct,, will depend 
upon the contiguous particles, and the latter will not. As I have 
said before, this may be so, and I incline to that view at present, 
but I am desirous of suggesting considerations why it may not, that 
the question may be thoroughly sifted. 

1665 . The transverse power has a character of polarity impressed 
upon it. In the simplest forms it appears as attraction or repulsion, 
according as the currents are in the same or different directions : in 
the current and the magnet it takes up the condition of tangential 
forces ; and in magnets and their particles produces poles. Since 
the experiments have been made which have persuaded me'thnt the 
polar forces of electricity, as in induction and electrolytic action 
(1298. 1343.), show effects at a distance only by means of the polar¬ 
ized contiguous and intervening particles, I have been led to expect 
that all polar forces act in the same general manner ; and the other 
kinds of phenomena which one can bring to bear upon the subject 
seem fitted to strengthen that expectation. Thus in crystallizations 
the effect is transmitted from particle to particle; kml in this manner, 
in acetic acid or freezing water a crystal a few inches or even a 
couple of feet in length will form in less than \ second, but progres¬ 
sively and by a transmission of power from particle* to particle. 
And, as far as I remember, no case of polar action, or partaking of 
polar action, except the one under discussion, can be found which 
does not act by contiguous particles.* It is apparently of the nature 
of polar forces that such should be the case, fop the one force either 
finds or devclopes the contrary force near to it, and has, therefore, 
no occasion to seek for it at a distance. 

1666 . Hut leaving these hypothetical notions respecting the nature 
of the lateral action out of sight, and returning to the direct effects, 
I think, that the phenomena examined and reasoning employed in 
this and the two preceding papers tend' to confirm the view first 
taken (1164), namely, that ordinary inductive action and the effects 
dependent upon it, are due to an action of the contiguous particles 
of the dielectric interposed between thfj charged surfaces or pagts 
which constitute, as it were, the terminations of the effect. The 
great point of distinction and power (if it have any) in the theory 
is, the making the dielectric of essential and specific importance, 
instead of leaving it as it were a mere accidental circumstanqg.Sjr 
the simple representative of space, having no more influence over 
the phenomena than the space occupied by it. I have still certain 
Other results and views respecting the nature of the electrical forces 
and excitation, which are connected .with the present theory j and, 
unless upon further consideration they sink in my estimation, I 
shall very shortly put them into form as another series of these 
electrical researches. 

Royal Institution, Feb. 4, 1838. 


* I mean by contiguous particles those which an- next to each other, not that 
there ts no spare *frtwwn them. (See 1*6Hi.) •' 
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Mr. Loch:—How are those wires kept insulated in the tubes ? 
First, the wires are insulated from each other by a mixture of 
cotton'and india rubber, which is a very good insulating material; 
then, the^e prepared wires are all passed, with certain precautions, 
through an iron tube, which in some parts of the line is buried 
beneath the ground, and in other parts of the line is raised above it. 

That mixture of cotton and india-rubber cuts off all communi¬ 
cation between the uure and the tube ?—Yes,, and between the 
separate w ires ; it is Sufficient non-conductor. 

Chairman.—You say, a guard may communicate by means of 
one of these posts put up, with any station ? With the stations 
either way. 

He must carry a portable apparatus ? Yes, 

That must be the nature of the keys, must it not ? The tele¬ 
graphic apparatus necessarily consists of two parts* the communi¬ 
cating keys and the dial on which the indicated characters are seen ; 
that which the guard carries must,contain both these parts here; 
the keys and the dial are in the same apparatus. 

Lord Granville Somerset.—Suppose the Great Western Railway 
were completed between London and Bristol/do yog contemplate 
the possibility of carrying your telegraph through the whole way, 
semis to signify from London to Bristol #uything you wish to com¬ 
municate, and vice versa from Bristol to London ? The experiment 
has not been tried, but 1 have every reason to believe that it can 
be done. 

You must multiply your pow. r considerably in that case.; but if 
you can multiply your power sufficiently, there is no difficulty, in 
your opinion, in performing that ? One very important circum¬ 
stance l have ascertained is the little power requisite to produce 
this effect; it was formerly thought that to send a current to any 
considerable extent, very strong batteries must be employed, but 
in fact a very weak battery is sufficient, provided only it consists of 
a number of elements proportionate to the distance. 0 

Do you see any practical difficulty in proportioning the dumber 
of your batteries to that extent, of 100, <n liiO mMes , y 1 think 
there is none. 

So far as your experiments have gone, you think you shoutyjhbe 
able to effect this telegraphic communication between Bristol and 
London Yes ; possibly several stations may be required, but, at 
'any rate, the stations may be at far greater distanced from each 
other than would be required for B any ordinary system of tele¬ 
graphs ; my opinion is, that the intermediate stations will not be 
required. > w 

You think you may communicate to the Reading station, the 
Reading station to another in the direction of Bristol, and that to 
Bristol ? Yes; this means would be adopted if it should be found 
impracticable to effect an immediate communication between the 
two extreme stations. 

Mr. .French. —Have you any doubt you could do it with ope 
intermediate station, dividing the distance ? The experiment lias 
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pot been tried; if perfect insulation of the wires canr be obtained, 
there will be no difficulty ; theoretically there is no difficulty, but 
we might meet with practical obstacles in so long a line. 

Lord Granville Somerset.—’llow long has this line been laid 
down upon the Great Western ? I think it was finished in July 
last. (183!).) 

Do you think you have had experience enough during the last 
winter to ascertain that it will not fail you in consequence of any 
inclemency of weather, or circumstances of that nature? If the 
wires aie properly protected, 1 think there is no fear whatever. 

Do you conceive they can be so protected, that weather will 
hav** no effect upon them ? Yes, that is my judgment, from ex¬ 
periment. 

Mr. Loch.--Is there any appreciable loss of time in making a 
communication from the Paddington station tef the extremity of the 
line to which the telegraph is now carried? From some experi¬ 
ments I made some years ago, published in the Philosophical Tran¬ 
sactions, when 1 first turned tny attention to the possibility of 
effecting telegraphic communications, I ascertained that electricity 
travelled through a*copper wh*e at the rate of about 200,000 miles 
in a second ; consequently there is no appreciable time lost in the 
communication of the electrical effect; the only time that would 
be lost would be at relay stations, if they were necessary. # 

Mr. Freshfield.—Suppose you want to communicate from London 
to Bristol, how do you signify that your intention is to communi¬ 
cate with Bristol and not with Drayton ? There would be a 
separate signal appropriated to each station, which would be made 
before the communication begins, immediately after the alarum has 
been rung. 

Mr. Loch.—What isihe rate at which light travels ? 102,000 

miles in a second. 

YVhat you described in the first instance is the mode of asking 
the question; how is the message received? The person who is 
attending reads the message from the dial. 

Chairman*—Have the applications you have had from foreign 
countries to put up this means of communication been in connection 
with railways, 'or separate from railways All in connection with 
railways. 

Is it of any consequence that it should be on a railway, or does a 
railway offer any advantage in that respect ? Not the slightest ad¬ 
vantage with regard to layiiig down the line, but a great one with 
respect to its protection from injury. 

Sir John Guest.—Have yo* tried to pass the line through water; 
There would be no difficulty in doing so* but tfie experiment has 
not yet been made. • 

Chairman.—Could you communicate from Dover to Calais in 
that way ? I think it perfectly practicable. 

Have you any further observations to make ? An electrical tele- • 
graph offers a great many advantages over an ordinary telegraph ; 
it will work «lay and night, but an ordinary telegraph will act only 
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during day; it will also work in all states of weather, anord-. 
nary telegraph can only work in fine weather. There are a great 
number of days in the year in which no communication can be given 
by an ordinary telegraph, and, besides, a great many communica¬ 
tions are stopped before they can be finished, on account of changes 
in the state of the atmosphere. No inconveniences of this kind 
would attend the electrical telegraph. Another advantage is, that 
the expense of the separate stations is by no means comparable to 
that of the ordinary telegraph; no look-out-men are required, anti 
the apparatus may be worked in any room where there are persons 
to attend to it. There is another advantage the electric possesses 
over the ordinary telegraph, viz. the rapidity with which the signals 
may be made to follow each other. Thirty signals may be conve¬ 
niently made in a minute; that number cannot be made by the 
ordinary telegraph. ‘There is one tiling I will take the opportunity 
to mention : I have been confining the attention of the committee 
to the telegraph now working on the. Great Western Railroad, but 
having lately occupied myself in carrying into effect numerous im¬ 
provements which have suggested themselves to me, I have, 
conjointly with Mr. Cooke, who has tjjrned his attention greatly to 
the same subject, obtained a new patent for a telegraphic arrange¬ 
ment, which 1 think will present very grjtnt advantages over that 
which at present exists. It can be applied without entailing any 
additional expense of consequence to the line now laid down; it 
will only be necessary to substitute the new for the former instru¬ 
ments. This new apparatus requires only a single pair of wires to 
effect all which the present one does with five, so that three inde¬ 
pendent telegraphs may be immediately placed on the line of the 
Great Western ; it presents in the same place all the letters of the 
alphabet according to any order of succession, and the apparatus is 
so extremely simple, that any person without any previous acquaint- ’ 
ance with it can send a communication and read the answer. This 
apparatus l shall be happy to show the committee in action a^, 
King’s College. • 

Sir John Guest.—Does not the possibility of cutting off the 
communication between one point anil another, occur to you ? The 
same objection may be made with regard to railroads themselves^ «' 

Suppoce any person were to stop the communication from one 
town to another ? By destroying the continuity of the rails they 
might stop the passage of the trains. 

The common telegraphic communication could be kept up not¬ 
withstanding that ? Certainly. 

Chairman.—Con you state the expense which would be incurred 
in laying it down ? I am hardly prepared to state that, because 
only one line has been laid down at present. 

Mr. Loch.—Would it be your view ultimately, supposing the 
railway completed to Bristol, that there should be one line to tele¬ 
graph to and another from Bristol ? No; the same line will serve 
both purposes. << 

There will be no inconvenience in practice in making use of the 
same liner No. 
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Mr. II. Baring.—This sort of telegraph is not in operation on any 
other railroad ? The Blackwell Company shortly intend to have it. 

Charles Alexander Saunders, Esq., called in and examined. 

Lord Granville Somerset.—As secretary of the Great Western 
Railroad Company, can you state to the committee whether they 
have adopted Mr. Wheatstone’s magnetic telegraph? As far as 
West Drayton, 13 miles. 

How long has it been adopted? It was finished in July last; it 
has been in operation about seven or eight months. 

W as that laid down at the expense of the railroad ? It was laid 
down under an agreement witli Mr. Cooke, who is one of the 
patentees. 

Was it on behalf of Mr. Wheatstone also ? It was under agree¬ 
ment with Mr. Cooke, Mr. Cooke being the co-patentee. 

Docs that agreement extend to any length of time, or has this been 
only an experiment ? The agreement contemplated the further ex¬ 
tension of it, if the Company required it within a certain period of 
time, after the completion of the first 13 miles. 

In fact the Company have laid down this magnetic telegraph at 
their own expense, under a specific agreement with Mr. Cooke, the 
Company taking the expense on the one hand and deiiving any 
benefit they may derive qp the other ? Yes, just so. * 

That agreement is determinable at a certain period ? It is. 

Is it renewable at the option of either party ? No; I think it is 
absolutely determinable, not renewable. 

Have you any objection to state the term of years ? I have no 
objection to state the substance of the agreement, but ^ is very long 
and very intricate; the material substance of it is this: that within 
a certain number of months after the telegraph shall have been laid 
• and efficiently worked between Paddington and Drayton, the com¬ 
pany might call upon the patentees to give them a license for the 
,whole line, on certain terms ; there are a variety of further con¬ 
siderations involved in file agreement, which it would be very 
difficult to tfelate. 

Is this agreement binding upon the patentees, so as to enable the 
•fjreat WesteAi Company to execute this Jelegrapli all the way from 
Bristol to London, for a certain number of years ? It was binding 
upon them, but the time has now expired. 

A new arrangement must be made before any permanent agree¬ 
ment is effected ? * Yes, ^neither party is now bound by that 
agreement. 

Have all the advantages which were anticipated from this tele¬ 
graph accrued ? I think we have scarcely had® it in a state to say 
that we have derived all the advantages which were contemplated 
from it, because we have, between West Drayton and Paddington, 
very little inducement to work the telegraph* separately for that 
part; it had much more reference to the more distant stations, and 
the communications of our line with others, or to communications 
between places on the line where short and long trains together are 
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running upon* die same portion of railroad. As yet we Iiave had no, 
practical benefit of that description, but it has enabled us to ascertain 
that the telegraph perfectly performs all die duty that was expected of 
it; as far as it goes, it works perfectly true. 

Provided it shall work as well when your line is completed, do you 
anticipate all those useful results that were anticipated before it was laid 
down ? I do, indeed. 

That is your opinion, after your experience of eight or nine months 
on 13 miles? Yes. 

In general terms, is it a very expensive thing to lay down this mag¬ 
netic telegraph? It is expensive, but that is a question of degree : I 
have no objection to state the expense incurred ; I believe it may be 
laid at from £200. to £300. a mile, including the charge for station 
instruments. 

In the discussions which have taken place, of which you may have 
been cognizant, upon the subject of railroad telegraphs, have the 
directors contemplated the conveyance, of ordinary articles of intelli¬ 
gence between Bristol and London ? I think that view was entertained 
by the company when they originally tried it; the objeet would be to 
facilitate all means of communication. 

l)o yon consider that that would b<rthc only means by which the 
company w'ould be remunerated for the outlay ? I think the usefulness 
of itrto the railway itself is the chief re.munerSlion; it is calculated un¬ 
doubtedly to simplify the working of the railway, ami to diminish the 
stock of every description, whether of engines or of carriages; to insure 
greater punctuality, and, in cases of accident, to repair the injury with 
the least delay, as well as to produce general advantages and greater 
security in working the railway. 

You think you might have a less establishment, and less stock, in 
consequence of having this magnetic telegraph, than you otherwise 
would be obliged to keep up to conduct the litlfe ? Undoubtedly. 

And that in that way the company would be remunerated ? 1 think 

that would be a mode of remuneration; I do not say to what extpnt it 
would operate, as compared with the expense of the telegraph itsey. • 

In addition to the remuneration thus derived, do you conceive it will 
be an effectual mode of assisting in case of accident to passengers ? 
Certainly, it would be so. 

And in some instances*.of preventing accidents? Ves; if a liru* 
were at any place stopped up, and a communication could be made by 
telegraph, it would prevent the danger of collision from a subsequent 
train running up to the place of danger. 

Mr. Wheatstone has stated that it is intended" that a guitrd should 
have a portable telegraph, capable of operating at the distance oi every 
quarter of a mile?^ Yes, that is a plan proposed; it has not been 
carried into effect on our line at present; there are places to which the 
portable telegraphs may be .applied, but the men have not been instruc¬ 
ted in it yet. 

Supposing that idea were carried out, would it not be the cause of 
great safety in case of sudden emergencies, or fear of accidents ? Yes; 

I have no, doubt security against accidents would result and more 
prompt assistance in case of accident. > 
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Suppose an engine unexpectedly became unfit fov service, have 
you not, in the Course of the last few months, occasionally sent to 
another station for another engine, by means of the telegraph ? 
Yes, we have, on one or two occasions within a few months ; we 
worked the telegraph for nearly two months, so as to communicate 
to Paddington the moment of the passing of the train at West 
Drayton and Hanwell; that was done for the purpose of trying 
whether the telegraph would constantly work, and whether we 
could rely upon it, and it answered the purpose, certainly, 
admirably. 

Do you contemplate continuing that constant use of it ? No, we 
do not work it in that way; but it is used in any emergency ; they 
can transmit any intelligence between West Drayton and Padding', 
ton, which it may be material to receive. 

If parties will want horses when they come, to the Paddington 
station, you are* in the habit of sending on intelligence of that ? 
Yes, we are ; I think the chief use of the telegraph, what I con¬ 
sider the chief advantage of it, would be upon the junction of two 
lines, where they are to be worked by the engines of one line ; for 
instance, upon the line from Bristol to London, at the junction of 
the Cheltenham Railway, it would be a very great facility indeed 
if it could be ascertained at the moment at which the train comes up 
from Bristol which is to receive the Cheltenham traffic, that the 
Cheltenham train is on its progress, and either within five minutes 
or not within five minutes of the place; by that means there would 
be no useless delay to either train, and in the same manner the 
down train coming up would he able to send previous intelligence 
from a station, by which the engine from the Cheltenham train 
would be ready at any time to take the train on withoift any loss 
of time. 

It would also, in case of any want of exactness in the arrival of 
a train, prevent collision, would it not ? It would, and it would 
reduce the expense of working the,line ; the superintendent might 
be enabled, in many cases, by delaying the train only a few minutes, 
to save tne expense of a second engine being sent for a long distance. 

In case of any severe fogs in any particular district, would it not 
be a great advantage that the trams coming into that district should 
he fcmde aware of that circumstance ? Yes,*I think in the case of 
our working short trains, wjiieh we shall probably do from Slough 
to London, independently of the Bristol trains, it would be very 
important for us to know at Paddington wjien a train is approach¬ 
ing, whether it be a Slough of a Bristol train, and for those at 
Slough to know that the long train is coming up, and is within a 
certain distance, or not within a certain distance, that they may pre¬ 
pare accordingly, whether to send on that train from Slough to 
London, or delay it for a short time. 

Suppose you wish to send an extra train from one point of your 
line to another, without any means of communication, there must 
be always a certain degree of danger either of running into another 
train, or meeting*another train? Yes, we are always obliged 
# 2 V 
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to'allow a 'Certain interval to elapse before another train is 
sent. 

That is not always a certain means of preventing collision, is it ? 
No, it is not. 

By means of this telegraph, could not you guard against the 
danger of accident in that respect ? Undoubtedly, it would tend 
to security in those cases. 

Mr. Loch.—Would not the possession of such a means of Con¬ 
veyance, after the telegraph is completed as far as Bristol, give the 
possessor of the telegraph a great advantage in a commercial point 
of view over the rest of the public ? It might do so, if they should 
choose so to avail themselves of their property. 

Has it ever occurred to you what remedy the public might have 
under those circumstances ? I do not sec how they possibly could 
have any remedy act all; I do not see why they ought to have any 
remedy. 

Would it be unfair, under those circumstances, that the Kailway 
Company should give facilities to other parties to erect other tele¬ 
graphs along their lines, paying the company for such facilities ? I 
think the company would not object to other parties having a facility 
if they were sufficiently paid for it f but I cannot conceive if a party 
possesses property, why he should refuse to make it useful to 
Flumself, or why he should be called iijson to make it as useful to 
another as to himself 

Take the railway to Portsmouth, would it be at all a matter that 
would be indifferent to the country, that the directors of that rail¬ 
road should have the means of communicating by means of their 
telegraph with London, while the Government is deprived of all 
communication between the principal naval station and the capital 
in the same manner ? I think the case cannot arise; Government 
will have the power of course, if they choose to pay for it, of put¬ 
ting a telegraph of their own between Portsmouth and London; 
and there is no telegraph which could exist, whether on the South¬ 
ampton or any other railway company possessing which would pre¬ 
vent the Government having the use of it, if they choose to pay 
for it. Government might have one, of course, if they would go to 
the expense of making it. 

What expense do yoh refer to ? The expense of buying land and 
putting it down. 

Would it not be a much more ready way to give the Government 
the power to lay down the telegraph on th.e railway itself ? Pay¬ 
ing for it, I do not see the slightest objection to it. 

Lord Granville Somerset.—.Suppose a restriction of the advan¬ 
tages of the ratiway company to that which may be called their own 
peculiar business, arjd not allowing it to transmit other intelli¬ 
gence ? It strikes me that that would be a prohibition to the com¬ 
pany laying it down at all. 

Mr. Loch.—- You think if this rule were laid down, that all the 
intelligence of those who telegraph should be made public witli the 
exception of that on their etvp affairs, that would 1 operate as a pro- 
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hibition to their laying it clown at all ? I scarcely knqw as to any 
rule of its being ra;ule public; I am answering these questions very 
much in the dark, but it strikes me that saying “ You may .lay it 
down, but you shall not use it except in a particular way,” would 
amount to a prohibition. • 

Mr. Green.—Do ycu see any objection to compelling the com¬ 
pany to allow persons to send any information they please by means 
of your telegraph ? I see none at all, under particular arrange¬ 
ments, inasmuch as I think that is what they would do as a matter 
of course ; but then it must be subject to certain regulations of the 
company; they could not consent to its being taken out of their 
hands, when they arc using it, and given to another; of course the 
transmission of general intelligence would be one source of income 
derived from it. 

Mr. Loch.—How would this operate upon tjje construction of a 
telegraph of this sort, if the government were to have the power, 
paying- for it, to be enabled to lay down a telegraph of their own ; 
•would that operate with the directors in preventing their laying 
down one of their own ? I think not at all ; I cannot conceive 
that it would be then; wish to prevent government possessing one. 
I think it' an expenditure shall have been incurred by any company 
in laying down one under the expectation that they will derive the 
benefit of ft, whether in transmitting railway information or general 
information, being properlypaid for it, if they should be obliged 
to permit another company to lay down another telegraph on their 
line, that would be a great hardship; but I am sure they would do 
everything they could to facilitate the views of government. 

Lord Granville Somerset.—Supposing the government f wcre to 
lay down a magnetic telegraph from London to Bristol? and sup¬ 
posing that any parties were allowed, under certain regulations, to 
communicate by that tetegraph, would you see any objection to 
tlf&t ?. I expressly reserved that it should be used for government 
purposes only. It never could answer to lay down two telegraphs; 
it youkl be a great hardship to make the possessor of the soil give 
up his right to enable some other party to compete with him. 

Mr. Loch.—Confining it to government purposes, you see no ob¬ 
jection to allowing the government to lay an electrical telegraph? 
Ndtig whatever; at the same time I should state that it is a subject 
1 have not much thought of or considered, and therefore I fear my 
opinion its worth nothing. * 

Chairman—Why was not your telegraph put under ground? 
It was attempted at firsf to be put under ground, but the wet got so 
much to it, it was found better to put it above ground, to secure it 
from that injury. 1 believe ontfof the grdat difficulties the patentee 
had to contend with at the time has been since remedied by making 
the tubes more impervious to the wet.—(Mr* Wheatstone.) 1 wish 
to make an observation with regard to the expense of the line: the 
cost of the present experiment has exceeded 250/. per mile. We 
will assume that it cannot safely be reduced, though I think with 
more experience it might be; if we consider that the cost ofMaying 
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down tilt* whole telegraphic line from London to Bristol will be 
only the cost of one mile of the railroad itself, the expenditure will 
not appear great, considering the benefits to be obtained; this is 
less than one per cent, upon the original estimate of the expenditure. 
Now would it not be worth while to go to that expense to obtain all 
the advantages that will undoubtedly be obtained by the telegraph ? 

I will make a few observations with regard to the proposed Govern¬ 
ment line. The principal expense of laying down the telegraph 
line is, in fact, the iron tube and the other things connected with 
it. The mere cost of the wires is very little, not more than 61. or 
71. per mile each. As many wires may be put as you please in the 
same tube, consequently, supposing an iron tube to be laid down ' 
from hence to Portsmouth, if wires for three distinet lines were en¬ 
closed within it, the expense of each line, considered separately, 
would be very considerably diminished. One line might be appropri¬ 
ated for the rail-road purposes alone, another for general commercial 
intercourse, that is, for sending messages for any parties who choose 
to pay for the accommodation ; arid a third for the exclusive use of 
the Government. There would be no difficulty, if the Government 
have a telegraphic line thus associated with tire others, to make the 
terminations in their own offices, from the admiralty in London, 
for instance, to any office belonging to the same department at 
Portsmouth, so that information may be sent without communicat¬ 
ing with any persons but their own “clerks. If this plan were 
adopted, it would do away with every objection which has been 
made with regard to the injury a private Company would do to the 
public, by having the exclusive means of intelligence in their own 
hands ; %nd I am sure any railway company would enter willingly 
into an arrangement, by which Government might possess an ex¬ 
clusive line at a very moderate expense, much below that at which 
they could lay it down themselves. If the new telegraph of which 
I have spoken succeeds, and it has succeeded perfectly so far as ex¬ 
periments have yet been tried, we might place three telegraphs in 
connection with the six wires now used on the Great Western 
Railway, and these might be applied, as I have said before, to three 
specific purposes ; one exclusively for railway purposes, another 
to be let to any persons who choose to avail themselves of it, and 
'another for Government objects. 

Would it be possible, by any portable instruments, for any third 
party to become acquainted with the messages sent on account of 
the government P If the government feared anything of that kind, 
they must use a cypher; communications by the electric telegraph 
would be far less publip than by the present visual mode; at 
present every-ftbdy knows when a telegraph message is being 
despatched, and any person acquainted with the signals might read 
it. 

Is it not the case, that by a little attention any perspn can possess 
themselves of any cypher ? Very ingenious systems have certainly 
been dpeyphered, without any knowledge of their keys ; but the 
task is no easy one. An extremely simple and safe mode of cypher 
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has’been devised, by means of which a person may communicate 
•with a thousand correspondents, it being impossible for any one of 
them to read what is intended for another. 

Mr. Freshfield.—Have you made a calculation of the probable 
length of time the apparatus will continue, without requfring to be 
renewed ? That is a question I cannot answer ; but it comes to 
this: how long can the iron tube which contains the wires be pre¬ 
served; the wires themselves would remain uninjured for an 
indefinite period, if the tube be kept perfectly water-tight. 

Do you think the wear and tear of the apparatus from London 
to Bristol would be less than the wear and tear of the railroad for 
oneonile ? Far less. 

Mr. Loch.—Do you spell every word by the present mode? 
Some signals are used, but the words of a message are generally 
spelt.— (Mr. Saunders.) We have some conventional signals; the 
others are spelt. While we were working the telegraph, we worked 
it for some time intermediately through the llanwell station, to try 
the effect of dividing it into different lines of telegraph; there was 
evidently no perceptible difference of time from Drayton to Han- 
well, and from Hanv#ell to Paddington ; for the same party having 
a double* * instrument an Ilanwdl, the instant he saw the signals on 
one he touched the keys of the other; the effect is quite instantane¬ 
ous ; in tfiat way it mighf he sent to almost any distance. 

(A description of the dial-plate of this telegraph, and of the 
arrangement of the magnetic needles, and their helices, will be given 
in our next number.)—E dit. 




SSlix. —On Electro-Magnetic Coil Machines ; By T iiomas 

Wmight. Esq. • 

• . 

Deau Sir, —Having been lately making some experiments with 
a view of determining the most efficient form which can be given 
to the coil in electro-magnetic coil machines^ and having succeeded 
in peducing a machincof great power in proportion to the quan¬ 
tity of wire employed, I proceed to lay an account of my experi¬ 
ments before the readers of your valuable journal. 

I have long considered that both the intensity and quantity effects 
of these machines are due, rather to the intensity than the quantity 
of magnetism developed in tl\p central .core of iron wires. The 
coils which I have seen produced by the Londoh philosophical 
instrument makers have been invariably short and thick, a form 
which I think very ill adapted to the purpose for which they were 
intended, as by this means a great quantity of magnetism is pro¬ 
duced, but possessing very little intensity. 

During the course of experiments which I instituted l enqiloyed 
11 coils, the structure of which was as follows:— 
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No. 1, consisted of a core of soft iron wires 1-40* of inch 
in diameter, and four inches long, wound with 40 yards of copper 
wire 1-1 fi. 

No. 2. Core one foot long, half an inch in diameter, iron wires 
1-60; battery helix 40 yards 1-lfi; superimposed helix 60 yards 1-40. 

No. 3. Core two feet by half an inch, iron wires 1 -10, battery 
helix 60 yards 1-lG, superimposed helix 60 yards 1-40. 

No. 4. Core one foot long, one inch in diameter, iron wires 1-40, 
helix 40 yards 1-16. 

No. 5. Core two feet by half an inch, battery helix 40 yards 
1-10, superimposed coil 60 yards 1-16. 

No. 6. Core one foot and a half by half an inch, helix twenty 
yards 1 -10. 

Nos. 7 and 3. Cores each eight inches long, by a quarter of an 
inch, iron wires l-6 ( Q, battery helices each 25 yards 1-16, super¬ 
imposed helices each 50 yards 1 -60. , . 

No. {). Core eight inches long by half an inch, iron wires 1-20, 
helix 25 yards 1-1G. 

" No. 10. Core eight inches long, half an inch square, composed 
of seven strips of sheet iron carefully annealed, battery helix 30 
yards 1-16', superimposed helix 100«yards J-fiO. 

No. 11. A compound U shaped bar 20 inches long, and two 
int^es in diameter, composed of hoop, iron riveted together and 
wound with eight copper wires l-lfi, 20 yards long, all covered 
together so as to form a single helix; the whple apparatus being 
fitted up with a revolving armature for the purpose of breaking 
contact with the battery. 

The effects of the above coils when connected with ( a seven inch 
pair of zinc and copper plates excited a la Mullins were as follows: 

I Sflmi.llnt.m. Number of tcconds re- 

Shock. Spark. fromir-rorstctl. J ’Uiiml to produce a 

| - [ measure of Oas. 

1. Fcarcclypeiceptible; Small and bright 

2. From each helix 

f-1 rong,withboth united+ barge, blight,and snap 
would fasten with dry;piiig 
hands. I » 

3 . With both helices Much lurgei but less 

united excessivtlystriing bright, having a Habbing' v hri „ bt from , ted 

T' lar , fnmUron ' 

the filing of a gium oh n 

.gunpowder 

4. Ettects similar to:No. 1 .. 

5 i Shock not so good'Very similar to No. 2 

as No. 8. I 

8. Shock just pcrcep-:Large and bright 

tibie. | 

7 & 8, Each of these] 

coils with united helices 1 ... ,._. 

gives a powerful shock,! Jattc, Y J*- 
butwhen united iu one! Yj**J n * 
length of 140 yards ihc’ a V4 «• » 7 an > R 
shoSk is stronger tv^j^kisexcflsdmghnght 

any I have yet expert | and,<u S c 
enced. 

9. All the effects very 

10. Not perceptible] 
with battery helix,would 
not fasten with both he¬ 
lices united. 


Very poor 
Very good 


18 


2*1 


40 


\ cr." beautiful 


brighter and larger than 
last 


not tried 
18 ' 

10 


ludifferfcnt. 


ILargcand bright 


Very good 


22 


* The* diameter of the wiies in fractional parts of ho iuca. 
i When the helices arc mentioned as united, it is meant that the end of the 
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Hy Mr. Wright. 

l’i. The-effects from this helix with the small buttery above- 
mentioned were not so good as from Nos. 7 and 8 conjoined; 
when however it was connected with a series of lour of Daniel’s 
cells 3 feet high by 4 inches in diameter, the sparks and scintilla¬ 
tions were very splendid ; the decomposition with this battery were 
not tried, as I had not then a decomposing apparatus at hand. 

All the iron used in the above coils was carefully annealed and 
the copper wire new and had not been coiled at any previous lime , 

From the foregoing experiments it would seem that the most 
efficient form that can be given to these machines, is that of an 
elongated helix enclosing a core of thin soft iron wires of not more 
than a quarter of an inch in diameter, and that if it should be re¬ 
quired to increase the size of the machine, the number of coils and 
not their diameter or length, should be multiplied. The most 
advantageous length for the battery current s&ms to be about 20 
or 25 yards, 1 Jim not, however, quite sure as to this, with regard 
to decompositions. 

If the coils are multiplied great care must be taken that the 
length of wires, texture of metal, and method of coiling are exactly 
similar in each coil, otherwise the stronger currents will lise the 
wire of the Weaker ones as partial conductors, and thereby very 
greatly deteriorate the action of the whole of them: thus if we 
unite a helix of 40 yards anfl one of CO in a double strand we slfall 
not obtain near so strong a shock as from either of them singly; 
but if we unite two helices of equal length, the shock is sometimes 
better, the decomposition and deflagrations always so 

I have fitted up the coils 7 and 8 with my vibrating electrotome,* 
described in a late'number of the “Annals”: and by a, particular 
arrangement of springs pressing against each other in various direc¬ 
tions, I can instantly varj^tlie quantity or intensity of the current, 
sq^as to obtain it from lengths of 25, 50, 100, or 150 yards, or from 
a double length of 25 yards. 

The foot-board of the machine is hollow in order to admit a Jlat 
battery ^underneath. • 

Flat Battery .—Having noticed, (as I have no doubt many of 
your readers have) that in the culinary cylindrical battery, the salt 

batfc^’ helix is joined to the commencement of the upper one so as to form cne 
continuous coil, the battery current being passed through the thicker helix. 

f With this coil and both helices united, l was enabled to imitate the action 
of the Gymnotus Electricus with groat success, by inserting two pieces of tinfoil 
in a tub of water and conneating them with the coil; if the hand was placed in 
the water a shock was immediately lilt which was very severe when both hands 
were immersed. 

* In my published description of this electrotome I was s*rry to perceive an 
error in the drawing; the contact was there shown to be broken at the end of 
the spring, whereas it ought tt> have been at a point»about an inch and a half 
nearer the middle of it; an electrotomo thus constructed will vibrate a little 
time after being jerked by the finger, without the aid of the coil: it will be 
advisable to liavo the touching points, which should be small, tipped with platina; 
the spring should be about four inches long and press strongly on the brass bar 
against which it vibrqjtes; some of the elcctrotomes that-1 bavo thus made are 
guile musical. 
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in the cupreous solution is very liable to subside, by means of 
which, the action, when long continued, is in a great measure con¬ 
fined to the lower part of the arrangement, which is evident from 
the copper becoming considerably thicker at the lower, than at the 
upper part, I was led to construct a battery in the following 
manner:—a piece of thin sheet copper was bent up at the edges in 
the form of a tray, in the inside of this was placed a similar tray 
of thin mil-board, cemented at the sides, and furnished with small 
legs of sealing wax.—Zinc and salt*and water in the mill-board 
tray—sulphate of copper in the copper one. 

This battery has many advantages:—it is contracted at an ex¬ 
pense not greater than the cost of the materials—the action is veiy 
equable—and it can be easily slipped under the foot-board of any 
piece of apparatus to which it may be applied ; if it is required to 
employ a series of ( 'Jiem, they may be piled upon each other, the 
wires of the zinc plates pressing with a spring on the copper next 
above ; and as it it is not necessary that the trays should be more 
than an inch deep, a large' battery on this construction might be 
packed in a comparatively small space. 

Mr. Uriah Clarke has, I ahi sorry to observe, accused me of 
copying his electro-nmgnetic machine; this is certainly not the 
case, and if necessary 1 could adduce proof to the contrary ; I 
cahtiot say however that I see much resemblance in the two 
arrangements further than that they have each a reciprocating mo¬ 
tion ; I consider Mr. Clarke’s much superior to mine as to the 
crank point, though I think he will find that great power is gained 
by partially continuing the armatures on the magnet. I have not 
proceeded with my engine, as I fancy I have hit upon a more effi¬ 
cient plan. I have very little expectation however of these engines 
being applicable to the working of machinery ;—at least economi¬ 
cally. They are very interesting toys. 

1 am, my dear Sir, 

■ Very truly your’s, 

William Sturgeon , Esq. THOMAS WRTGHT. 



L.— On the Theory of Mtherficalton , (Mlherhildung) ; By Pno- 
pessob Heinrich Rose. * 

, It is known that many salts of the oxide of bismith, of the oxide 
of quicksilver, of the oxidfe of antinriony, and other metallic oxides, 
become decomposed by water. They, usually, by that means be¬ 
come transformed into°basic salts: but sometimes by the application 
of a sufficient quantity of water, the decomposition proceeds to the 
separation of pure oxide; as, for instance, with the nitrate of the 
oxide of quicksilver. 

The explanations which are usually given of these decompositions 
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is, that we admit that the water resolves the neutral salt of a metallic 
oxide into an acid and a basic salt, in a similar manner to that in 
which nitric acid transforms red super-oxide of lead into protoxide 
of lead, and brown super-oxide of lead. But the existence of acid 
salts, which, by the influence of the water on several mujral salts of 
metallic oxides, as has been supposed, is not satisfactorily proved: 
for in most cases the water takes only a pgrt of the acid from the 
.salt, and this dissolves some of the neutral salt, which, near the 
point of concentration of the acid solution by evaporation, in most 
cases crystallizes and separates as a neutral salt; and but very 
seldom as a double combination of neutral salt and acid hydrate, 
tn many eases the quantity of salt which dissolves in the acid is 
exceedingly small; sometimes not any, ami the whole quantity of 
the oxide forms an insoluble basic salt. 

'['he easiest explanation which we can give pf these decomposi¬ 
tions by water,.appears to me to be this, that it is the water which 
acts as a base, and separates the oxide as a basic salt; or, sometimes 
even in a pure condition, and* combines with the acid to form a 
hydrate. This explanation will become the more admissable as we 
have already been accustomed to consider the hydrates of acids as 
saline compounds, in which the water represents a fixed base. It 
is well known what fertile inferences for the whole theory of che¬ 
mistry have been drawn by^thesc views of the nature of the actjpu, 
and especially by Graham, ‘Berzelius, and Liebig. 

In fact, it is particularly the salts of such metallic oxides as are 
not possessed of strong basic properties which by water become 
decomposed. The salts of the more formidable bases do not dis¬ 
play this phenomenon. 

According to this view these decompositions are analogous to the 
conversion of the red oxide of lead into the brown super-oxide aud 
the protoxide of lead by Vheans of nitric acid, only that they are of 
a^lirectly opposite kind ; for the strong acid, in a combination of 
protoxide of lead with the peroxide, expels the electro-negative 
bqfly, and combines with the basic. 

The water occurs, also, as a base in other cases, and sometimes 
displaces oth£r bases from their combinations. As, however, it 
always belongs to the weaker bases, and is at the same time volatile, 
su?h> cases arc not very frequent. But although itself volatile, it 
can expel the volatile oxide of ammonium from its combinations. If 
a solution of sulphate of the oxide of ammonium be boiled for a long 
time it becomes acid, and provided the boiling be in a retort, a 
fluid, containing free, ammonia, distils over into the recipient. 
This result obviously proceeds from the water, as a base, expelling 
the oxide of ammonium, (whiclf in a frei state cannot exist, but is 
resolved into ammonia and water) from its combination with sul¬ 
phuric acid, with which it enters into a combination. The quantity 
of the sulphate of the oxide of ammonia, which, in this way, be¬ 
comes decomposed, is certainly very small; we must, however, 
consider that the oxide of ammonium belongs to the most powerful 
bases, and this result is principally to be attributed to its Superior 
volatility. • 
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ft* we apply the foregoing explanation of the decomposition of 
many salts by water, to the theory of /Etherification, much simpli¬ 
city will be derived. 

Berzelius and Liebig have adopted the view, that the aether may 
be regarded as a base, which view has found such general appro¬ 
bation that it is become almost universally adopted, at least in* 
Germany. 

It is known that the salts of the oxide of irthyl, (the compound 
aethers) by bases, become more or less easily decomposed wh^n 
water is present: for those bases associate themselves with the acid 
of the compound, and liberate the oxide of icthyl as a hydrate 
(alcohol.) 

The same decomposition, nevertheless, is also caused by water, 
which, in tins case, obviously operates as a base. Some compounds 
of the oxide of rctliyl become as easily decomposed by water, as by 
the operation of many other bases; as, for instance, is the case with 
oxalic fether, which, by water, becomes resolved into hydrate of 
oxalic acid and alcohol. To accomplish this transformation it is 
not necessary to employ a high temperature, because it takes place 
even at the common temperature, and, indeedydn a very short time. 

The acid sulphate of oxide of sethjl, or rather the combination of 
the sulphates of the oxide of {ethyl with hydrated sulphuric acid, 
(sftjphovinic acid) in its solution in water, also suffers a precisely 
similar decomposition. Even at the toVnmon temperature, in this 
case, will alcohol and hydrate of sulphuric acid be gradually 
formed: but their formation is much quickened by boiling. 

This process may also be easily explained on the supposition 
that the water operating as a base liberates the otfide of {ethyl from 
its combination with the sulphuric acid, which, at the moment of 
separation, takes up water and forms aleotiol. 

The aqueous solutions of nearly all tfie sulphovinates becoqjc 
similarly decomposed, and especially when boiled. Alcohol and 
water evaporate, and in the solution is formed a so called acid sul¬ 
phate, that is to say, a double compound of the neutral salt, .which, 
with the hydrate of sulphuric acid, pre-existed in the t sulphovinate 
salt. * 

If sulphovinic acid be heated with only a small quantity of 
water, no alcohol will tic obtained, but principally hydrated Sul¬ 
phuric acid, and pure oxide of {ethyl, qr aether. There is not a 
sufficiency of water present to transform the liberated aether into 
alcohol. ( 

If alcohol be mixed with hydrated sulphuric acid, sulphovinic 
acid becomes formed, or a double compound of neutral sulphate of 
oxideiOf sethyl With the hydrated sulphuric acid. By the forma¬ 
tion of-sulphate of oxide of {ethyl two atoms of water are set free ; 
one from the hydrated sulphuric acid and the other from the alco¬ 
hol. By heating the mixture, one of these free atoms of water 
liberates oxide of ®thyl from its combination with sulphuric acid, 
combines with the acid, and forms hydrated sulphuric acid. 

But why does not the aether combine with watelr at the moment 

a 



By Professor Heinrich Rose. 


S55 

it is liberated, and thus form alcohol ? The water is sufficiently 
plentiful, because the liberation of the tether requires only one atom 
of water; and at the formation of sulphovinic acid, even .when 
anhydrous alcohol is employed, two atoms are set free. 

It is known, that sulphuric acid can take up more thanfone atom 
of water to form a hydrate. We know, also, that, besides the* 
common hydrate with one atom of water, there is a second, which 
can be prepared in a crystalline state, and which contains two atoms 
of watei^ This compound corresponds to a basic; sulphate salt. 

The disposition of the hydrate of sulphuric acid to take up more 
water is very great, and it is employed on this account for various 
purposes in our laboratories. It is this which prevents the aether, 
originating from the decomposition of the sulphovinic acid, from 
taking up the second atom of water; but if the mixture is uninter¬ 
ruptedly boiled for some time, the hydrated sulphuric acid loses 
the acquired water, which may then be distilled over in company 
with the sether. The aether may therefore, from a foiling mixture 
of the hydrate of sulphuric acid ;fnd alcohol, be distilled over at th§ 
same time with water; but they are not the products of one, 
but of two chemical processes, which are both active together in 
the boiling mixture. * 

At the fommencement of the operation, but very little water 
passes over along with the* ftthcr and that alcohol contained in the 
mixture, which has not been converted into sulphovinic acid so, 
that the water remains dissolved in the distilled alcoholic aether, and 
does not separate: the quantity of water increases by further dis¬ 
tillation, especially at a high temperature, when the quantity of 
the second hydrate’of sulphuric acid has augmented. 

Anhydrous alcohol is scarcely ever employed in the preparation 
of aether, but generally hydrated. It is evident that in the latter 
the quantity of the second hydrate of sulphuric acid must be 
considerably increased. The experiments of Liebig, Magnus, and 
Marchand have shown that in the.cold this second hydrate cannot 
form sulphovinic acid with alcohol, but does so at a higher tempe¬ 
rature, and therefore that such a mixture on boiling can give aether 
by distillation. But it is known that by employing hydrated, 
or even anhydrous alcohol, there is always a portion of it which is 
not*eftnverted into sulphovinic acid, and thiS quantity may be dis¬ 
tilled as alcohol from the mixture. A second portion of alcohol, 
which distils over in company with the tether, in the formation of 
tether, may, however, Jje produced in this way,—that aether and 
water are * contemporaneously disengaged from the mixture, and 
combine to form alcohol; for it |s produced only in this way when 
a solution of pure sulphovinic acid is boiled with ihuch water, or 
compound aethers decomposed by water or # by the hydrates of 
bases. 

When, however, from the tendency of the hydrate of sulphuric 
acid to take up more water, aether has been evolved from a mixture 
of alcohol and sulphuric acid, it does not take up any water after 
being once separated; but water may be distilled over by heating 
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the diluted sulphuric acid. We know that when aether is treated 
with water, or even dissolved in it, no alcohol is farmed. When! 
aether -is once separated from a compound of oxide of lethyl, the 
former can in no way be converted by water into alcohol. Only 
when, as above observed, the tether comes in contact with water at 
the moment of its expulsion does it form alcohol with it. The 
contemporaneous disengagement of tether and water, from a boiling 
mixture of alcohol and the hydrate of sulphuric aei 1. shows there¬ 
fore quite evidently that both owe their origin to two distinct 
processes* 

Moreover, it is by no means an anomalous phenomenon that a 
base, which is capable of forming a hydrate, does not combine with 
water when brought into contact with it in a pure state ; a great 
number of cases of this kind occur in inorganic chemistry. We 
need only compare* a*ther with that numerous class of ignited 
oxides in which so compact a state of cohesion is produced by heat, 
that they not only withstand the action of water, but even entirely 
partially that of acids, to find abundant proof of such analogies. 
The ignited oxides with these properties always belong to the 
weaker phases, under which a-ther must necessarily be classed- 
./Ether may be assimilated to these oxides the more, as it like them 
combines directly with acids with difficulty. 

Kut even among the stronger bases find some whose relations 
to water resemble those of o ther. When oxide of copper is pre¬ 
cipitated in the cold by bases from solutions o'f salts of the oxides 
of copper, jt appears as a hydrate of thtfmxide of copper; which, 
however, on being heated under water, loses its water, and does 
not take it,tip again when left in contact with it at a higher, or at 
the common temperature. 

To find out at what period, in the preparation of tether by boil¬ 
ing a mixture of alcohol and sulphuric acid, water commences **o 
pass over, M. Wittstock, at my request, instituted a series of experi¬ 
ments, which he had the kindness to communicate to me. 

Tm*o pounds of the hydrate of sulphuric acid were mixfd cold 
with two pounds of anhydrous alcohol, the mixture was made to 
boil with all possible haste in a retort, the distilled products, well 
cooled, were gradually received, and the distillation continued uptil 
the contents of the retort boiled over. *■’ 

The weight and specific gravity of the products were determined 
as they distilled over in succession. The results are as follows:-— 
First distillation : .‘1 drachms 50 grainf; spec. gr. 0-776*; pro¬ 
duced before the boiling of 'the mixture. The following 
products passed over after its boiling :— 

Second: * .‘j ounces 0 drachms; spec. gr. 0*808. 

Third : 3 .ounces 6 drachms ; spec. gr. 0 800. 

Fourth: ’j -i ounces 6 drachms; spec. gr. 0*786’. 

Fifth : 3 ounces 5 drachms 50 grs.; spec. gr. 0*776’. 

Sixth : 4 ounces 1 drachm 50 grs.; spec gr. 0761. 

* Tito* speri fir gravities, both hi ire ft* well as those to ,he mentioned subse 
..ntlv. were all delermirud at Reautn. (M-H* l'’«hr.\ 
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Seventh ; 1 ounce 7 drachms 10 grs.; spec. gt. O-80J). 

Eighth : l ounce 2 drachms. 

The first five products consisted of a single liquid; the sixth was 
the first in which a layer of water and of aether were, perceptible. 
The quantity of separated water amounted to 3 drachms; the 
{Ethereal liquid had the specific gravity mentioned above. The 
seventh product consisted in volume of twj parts water, and three 
parts of an mthereal fluid of the specific g 'avity stated ; the eighth 
consisted almost entirely of water, above which floated a very thin 
layer of ad her, which was coloured yellow by oil of wine. The 
contents of the retort boiled over on the continued application of 
bout. 

The first five products consisted of o ther mixed with alcohol, 
which last was contained in the retort as such, and not converted 
into sulphovinieacid, and evaporated from thetnixture in company 
with the .Tther. The first product, which distilled over at the 
lowest temperature, contained ; to judge from its -specific gravity, 
much sether, and little alcohol, quite opposed to the general opinion 
that a*ther is only formed at the boiling-point of the mixture. The 
succeeding products* gradually became, according to their specifiie 
gravity, constantly more {ethereal, ami contained less alcohol; but 
only in the sixth product jvas there so much water that it separated, 
and the quantity increased ,*n proportion as the distillation was Con¬ 
tinued. 

The first six products smelt but slightly of oil of wine; but the 
seventh contained a portion, and also smelt of sulphurous acid. 
After the first seyen products had been mixed together, and the 
separated water removed, they had a specific gravity of,0-788. 

It is well known that mther is prepared, of late, in the most ad¬ 
vantageous manner, by flowing a small stream of alcohol to flow 
Constantly into a mixture of alcohol and the hydrate of sulphuric 
acid. It has been denied that the presence of sulphovinic acid is 
of essential influence in the formation of .-ether, and asserted that it 
isliot necessary that the formation of this acid should precede that 
of fetlier, because in the method of preparing *aether alluded to, the 
boiling mixture must be constantly at a temperature of 140° cent., 
atjwhich sulplnfvinic add could not exist. -But at the point where 
the current of cold alcohol flows into the boiling mixture, the tem¬ 
perature is under 140° C.* The sulphovinic acid formed is decom¬ 
posed it is true, in a very short time, from its soon acquiring the 
temperature of the boiling liquid. The preparation of sether, ac¬ 
cording to the above method, consists therefore in a constant form¬ 
ation, and continual decomposition of sulphovinic acid. It is a pretty 
generally entertained opinion that the production of aether from a 
mixture of alcohol and sulphuric acid, is solely effected by the boil¬ 
ing of the mixture, which takes place at a high temperature, about 
110° C. In many works on chemistry we meet with the asser¬ 
tion that when a mixture of sulphuric acid and alcohol are heated . 
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at a temperature, not high enough for it to boil, no aether, but merely 
anhydrous alcohol, is obtained. 

Wero this assertion correct, it would be an important objection to 
the hypothesis I have advanced; for, according to that, it would be 
somewhat difficult to explain the circumstance why the oxide of 
ipthyl is separated at a lower temperature, as a dydratej and at a 
higher one in an anhydrous state. 

But this common opinion is founded on an error, which to me is 
quite incomprehensible. /Ether is obtained even from a mixtytre of 
the hydrate of sulphuric acid and anhydrous alcohol, when distilled 
in a water-bath, at a temperature which need not always amount to 
the boiling heat of water. It is not indeed requisite to employ an¬ 
hydrous alcohol, but the hydrated, of’JjO per cent. Tralles*, to obtain 
tether from a mixture at the above-mentioned temperature. 

Mr. Wittstock, at# my request, had the goodness to institute a 
series of experiments on this point, and communicated the result 
to me, 

J. Fifteen ounces of anhydrous alcohol were mixed in the cold, 
with an equal weight of the hydrate of sulphuric acid, and the mix¬ 
ture distilled at a temperature at which it could not boil strongly. 
The products, well cooled, were successively received, and the 
temperature at which they passed over accurately noted. , 

\First product: 1 dr- 10 grs., spec. ^r. 0.817, 

passed over at from ..'.. GO® to S0° 11, 

Second product: 3 oz. 1 dr. 10 gr., spec. gr. 

0.7.92, passed over at from. 9<)° —93° „ 

Third product : 3 drs. 57 grs., spec. gr. 0.772, 

passed over at from .75° —80° „ 

Fourth product: 2 oz. 40 grs., spec. gr. 0.749, 

passed over at from . 90 ° — 95* » 

Fifth jyroducl: 5 drs. ' ^ 

When the mixture had reached the temperature of 90° it began 
to boil very slightly ; the boiling, .however, subsequently ceased at 
this temperature, but even then .ether «\vas disengaged frnjrn the 
mixture in bubbles, just as carbonic acid gas escapes at,the common 
temperature from a liquid strongly saturated with it. 

From these experiments it is evident that setlier ip formed at far 
lower temperatures thafl is usually supposed. The first product 
smelled indeed strongly ©father; but chiefly consisted, which is 
also indicated by the specific gravity, of alcohol, which had not 
been converted, by mixing with sulphuric ,aeid, into sulpliovinic 
acid; tether could not be separated frehn it, either by water or even 
by chloride of calcium. Jhe secoqd, third, and fourth products 
consisted, on the'contrary, principally o( tether, which could even 
be separated by mere washing with water. The fifth was the first 
that contained free water, and indeed, in volume, more than the 
half. The specific gravity of the icthereal liquid floating above it 
* That is 90 per cent, absolute alcohol by volume. 
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was not determined. This last product distilled over very slowly, 

‘ although at times the temperature was raised to 100° It. 

ft results from these experiments that sether which is produced 
at lower temperatures than is requisite to boil the mixture, is at the 
same time purer, and contains less alcohol and water than sether 
which has been prepaied by strong boiling. A comparison of the 
specific gravities with those previously mentioned, set this evidently 
beyond all doubt. At a low temperature the water especially 
escape* later, and therefore only in the last product could separated 
water be observed, a proof that it is not disengaged in company 
with the mther. 

If. A second series of experiments proved this in a still more 
decided manner, so that there can no longer remain any doubt on 
the subject that aether can be evolved in abundance at the boiling- 
point of water. * 

Seventeen ounces of anhydrous alcohol of specific gravity O.792 
were mixed cold with 18 ounce§ of the hydrate of sulphuric acid, 
and the mixture subjected to distillation in a water-bath whoSe 
temperature frequently did not even attain that of boiling water. 
The quantities takeif are in disproportion of single equivalents of 
each of tire substances employed ; they were taken in this propor¬ 
tion, partly because it approaches that which otherwise is employed 
in the preparation of sether^wlien equal parts by weight of alcohol 
and sulphuric acid are employed, and also in order to have no excess 
of sulphuric acid. * 

The results of the experiments are as follows:— 

First product . 3 drachms. 

Second product: 8 ounces 6 drachms ; spec. gr. 0-755. 

Third product: 3 drachms ; spec. gr. 0-745. 

Fourth product. % 

JCven the first product consisted of nearly pure aither; for a so¬ 
lution of acetate of potash separated aether from the liquid to the 
amount of two thirds of its volumfe. 

S' he fourth and last products contained free.water, and consisted 
of nearly half*of it by volume; but it distilled over so slowly in 
the water-bath, that several hours were necessary to obtain a few 
dr^hms of it. From the specific gravities will be perceived that 
the second, and especially the third product, consisted of a-ther far 
more pure than is obtained* in other modes of preparing that sub¬ 
stance. 

III. As the idea is s» general, that mther is formed from a mix¬ 
ture of alcohol and sulphuric acid only on boiling, and as in the 
usual mode of distilling, hydrated, and not anhyttyous alcohol is 
employed, a new series of experiments were performed with the 
former. • 

A pound of alcohol of 90® Tralles, such as is usually employed 
in the preparation of aither, was mixed in the cold with a pound of 
the hydrate of sulphuric acid, and the mixture subjected to distil¬ 
lation in a water-b^th, as in the second series of experiments* The 
results were: , 
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First product: 4 drs. 36 grs .; spec. gr. 0.833. 

Second product: 2 oz. 4 drs. 20 grs.; spec. gr. 0.787. 

Third product: 4 drs. 50 grs.; spec. gr. 0.789. 

* Fourth product: 5 drs. 17 grs.; spec. gr. 0.789- 
product. 

The first product consisted almost entirely of alcohol, as indi¬ 
cated by the specific gravity. The succeeding ones contained much 
.ether, or consisted mostly of it. Free water also was evident in 
this case only in the fifth and last product, which consisted # of one 
drachm of liquid, of which only one fourth was separated water. 
To distil this small quantity over, it was necessary to heat for more 
than five hours. 

The tether obtained from a mixture of sulphuric acid and al¬ 
cohol, at the temperature of boiling water, is far more pure, as may 
be anticipated, and r s indicated by the specific gravities of the pro¬ 
ducts, when anhydrous, instead of hydrated, alcohol is employed. 
The tether obtained from hydrated alcohol in this way contains 
more alcohol, because upon* mixing'hydrated alcohol with sulphuric 
acid, less is converted into sulphovinic acid, and more remains in a 
free state in the mixture, than when absolute alcohol is used. 
According, however, to the theory Advanced in this fnem'oir, only 
that portion of the alcohol can produce a ther which has ( been con- 
varted into sulphovinic add, and this*.ether distils over when 
heated, in company with the free alcohol. 

The fact that a ther is produced from a mixture of alcohol and 
sulphuric acid even at the boiling-point of water, is indeed highly 
important in the theory of the formation of .ether, and by this 
method th§ .ether is also obtained more pure, especially from water, 
and of a far lower specific gravity than when distilled at a boiling 
heat; but it is not convenient in the preparation of icther, in so far 
as at this low temperature the y:ther, antf particularly the last pro¬ 
ducts, pass over with great slowness. 

One fact, however, seems not *to admit of being quite satisfac¬ 
torily explained by the present theory/* Seeing that water.acts*as 
a base upon the oxide of .ethyl, and disengages it from its com¬ 
binations, it must appear surprising that stronger bases than water 
do not effect this separation still more perfectly. .But solutions of 
the sulphovinate of polish and soda may be treated with an e»n?ess 
of potash without the oxide of .ethyl being expelled; and even the 
salts of the alkaline earths can exist in contact with an excess of 
base. f . 

But there seems to be a difference in properties between the 
double compound of the t hydrate pf sulphuric acid with the sul¬ 
phate of the o*ftide of aethyl and the other sulphovinates. The 
former is far easier decomposed by water than the latter ; but this 
fact is by no means without analogy. Water is able to decompose 
many salts of the oxide of antimony, and displace the latter from 
these combinations as a basic salt; but the combinations of the 
oxide of antimony with tartavic acid, and other unvolatile organic 
acids, are not decomposed by water. 
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According to the earlier method in use, tether was Obtained from 
‘ a mixture of equal parts, by weight, of sulphuric acid and alcohol ; 
but there fs more alcohol at the commencement than is requisite. 
In the progress of the distillation* however, the quantity of sulphu¬ 
ric acid becomes constantly predominating, in proportion as the 
alcohol passes over as tether; and from the great excess of the 
hydrate of sulphuric acid, the liberated tether is itself decomposed 
by the boiling, which in this case takes place at a high temperature, 
and is«then first converted into a double compound of the sulphate 
of the oxide of a:thy 1 with sulphate of tctheroJ (Weiniil.) ; and 
lastly changed by the boiling into olefiant gas, from the presence 
of too gretit a quantity of the hydrate of sulphuric acid, and from 
too high a temperature. 

This change of mther into oil of wine and olefiant gas, by an 
excess of sulphuric acid and too high a teufperature, is uot the 
result of a mere deprivation of water, as might be concluded from 
a comparison -of the composition of these substances with that of 
miller ; for as soon as the slightest tr;tcc of oil of wine is evident 
in the formation of the aether, a corresponding trace of sulphurous 
acid is .disengaged, \he quantify of which becomes more consider¬ 
able if olefiant gas is formed. The production of sulphurous acid 
stands therefore in definite connexion with that of the oi! of wine 
and olefiant gas. Since tlje origin of these two bodies takes place 
only at a high temperature, especially that of the olefiant gas, these 
substances undoubtedly owe their origin to a similar action of sul¬ 
phuric acid on n’thcr, as this acid exerts on other bodies of organic 
origin at high temperatures. The sulphuric acid is coloured black 
by these, at the high temperature, with the evolution o£ sulphurous 
acid and separation of a carbonaceous substance; the same also 
takes place in the distill^ion of mther, when continued to the pro¬ 
motion of oil of wine and olefiant gas. 

The origin of this coaly matter, which has recently been ex¬ 
amined by Erdmann and Lost?*, stands therefore in connexion 
\^lth that of the sulphurous acid, oil of wine, and olefiant gas; 
consequently* the formation of this body is *the result of another 
process, winch very likely has nothing to do with the formation of 
ttye tether. • 

^lien therefore aether is prepared front a mixture of sulphuric 
acid and alcohol at a ver^low temperature, it is perfectly free from 
oil of wine ; and, in fact, not a trace of that substance could be 
observed in the first products which where obtained by the above 
distillations, not only in those that were performed in the water- 
bath, but also in those whiefc were caiuieil on at a gentle heat in 
the sand-bath. Even the last products appearetf to be perfectly 
free from it ; but if a considerable quantity of the rrthereal liquid 
was evaporated on blotting paper, a very slight smell of it might 
be discovered, a trace however so insignificant, that individuals not 
well acquainted with the odour of oil of wine could not perceive, 
it. Moreover, "\yhen the distillation was at.an end, the jesidnum 
. * Poggttiidflrif* Annulm, vol. xlvii. l>. 
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in the retori was, it is true, of a dark colour, but not deep 
so that it resembled a brownish vitriol, such as frequently occurs 
in commerce; the residue smelt as slightly of sulphurous acid as 
the distilled set her did of oil of wine. Not a trace of carbonaceous 
substance'was separated. The process by which oil of wine is 
produced, commences, therefore, in the mixture prepared for the 
distillation of aether, even at the boiling-point of water, at least 
when this is long continued ; but even then the formation of this 
body at that temperature is quite trifling in amount. # 

When aether is distilled from a mixture of sulphuric acid and 
alcohol in the water-bath, we obtain, as is evident from the above 
results, less tether than we might expect from the quantity of alco¬ 
hol employed, and the residue weighs more in proportion. In the 
last series of experiments described, in which tether was prepared 
in the water-bath, tjie residuum, on employing 17 ounces of abso¬ 
lute alcohol and IS ounces of sulphuric acid, weighed 27 ounces, 
and the distilled alcohol a-ther ounces ; the loss consisted partly 
ip the water distilled, the quantity tif which was not determined, in 
volatilized tether, which in this case volatilized the more, as it was 
nearly pure, and also in the loss which occurs *by pouring out. On 
employing one pound of hydrated* aleohol and one pbund of sul¬ 
phuric acid, the residuum weighed 2(5 \ ounces, the products 4 
ounces and some drachms ; the loss consisted partly in the water 
which passed over, the quantity of which was not accurately deter¬ 
mined. In both ca^es therefore, besides water/ sether also remained 
with the sulphuric acid, undoubtedly as isa*th ionic acid, probably 
also in part as aethonie acid. It is very probable that the products 
which present themselves with alher in a distillation when long 
continued and at high temperature, are produced, not by the direct 
decomposition of the ;ether, but by the decomposition of the 
istethionic acid, occasioned by the exetsS of sulphuric acid arn^a 
high temperature ; such as the precipitated carbonaceous substance, 
the sulphurous acid, oil of wine, .nul lastly, the olefiant gas. 

It is well known that the formation of these products is g^ner^ly 
avoided in the preparation of tether by the new and piost profitable 
method, in which, as tether passes over, a like quantity of alcohol 
is allowed to flow into the boiling mixture. The action of an excess 
of sulphuric acid on tht alcohol, or rather on the isa?thionic acfel? at 
a high temperature, is thus prevented. «. 

When formerly the production of tether was sought to be ex¬ 
plained by the subtraction of the water frqpi it, by means of sul¬ 
phuric acid, it might with much justice be objected to the present 
explanation, that other bodies, winch Jun e, like sulphuric acid, a 
great affinity t<# water, such as the hydrate of potash, chloride of 
calcium, &Q., are not f able to transform alcohol into aether; but 
this objection now falls entirely to the ground, as we know that 
the aether is not formed by any subtraction of water, but by the 
decomposition of the sulphovinic acid. 

If aether is regarded as a base, then all the theories on the forma¬ 
tion ofVther are not capable of satisfactorily explaining how a base 
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is discharged from a strongly acid liquor, and by a powerful acid. 
It is only by the present explanation, and by the analogy which 
the Separation of aether from sulphovinic acid bears to the decom¬ 
position of several inorganic salts by means of water, and also by 
the above-mentioned analogy of aether with a series of oxides whicli 
do not, or to a very slight extent, combine with acids, that this 
phenomenon loses its anomalous appearance. 

It seems to me highly desirable in organic chemistry, to illus¬ 
trate it% processes always as much as possible by analogous pro¬ 
cesses in inorganic chemistry. The greatest advantages have ac¬ 
crued to organic chemistry by the endeavours of Berzelius, Liebig, 
and Dumas, who have pursued this path, frequently starting, , it is 
true, from very different views. * 

It is certainly advantageous in so imperfect a science as chemis¬ 
try, and especially organic chemistry, to ascribe provisionally to a 
common force*all phenomena which stand isolated, for which no 
suitable analogies can be detected, and which on this account 
appear wonderful, and thus op'enly to'admit that in the presoijt 
state of science it is better to avoid explaining a process altogether, 
than to t explain it by some artifice or in a constrained manner. 
The smaller the number of phenomena which w r e are compelled 
to refer to,this class, the more perfect the science becomes. 

Setting out from this poult of view, I have ventured to explain 
a process in organic chemistry, which has long, and particularly of 
late years, engaged tire attention of chemists, as being analogous to 
several processes in inorganic chemistry ; and if the explanation 
should not give general satisfaction, the attempt to attain so im¬ 
portant an object, will, 1 trust, meet with approbation. ^ 

The present theory is valid, it is true, only for the formation of 
icthcr from a mixture of alcohol and sulphuric acid; but quite a 
si»|*ilar one may undoubtedly be advanced for the formation of 
•ether from mixtures of phosphoric and arsenic acids with alcohol. 
For the present, however, I leave at undecided whether the forma¬ 
tion ofVclher, by treating ificohol with fluoboracic gas, as also with 
the chloride pf zinc and other chlorides, is to be explained by a 
mere subtraction of water by these substances; or in this way, 
that they form with alcohol, at thegtommon temperature, combina- 
tioS^analogous to sulphovinic acicrT which'hre decomposed like it, 
at a high temperature, by *the agency of water. The latter view I 
regard as being the most probable. 


Postscript. 

* 

In the preceding Memoir I have compared the formation of 
tether from a mixture of sulphuric acid and* alcohol, with the de¬ 
composition of several inorganic salts by means of water; 1 have 
endeavoured to show that it is the water which in these cases acts 
the part of a base, and separates the oxide of a?thyl or the metallic 
oxide, the latter generally as basic salt. * 
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The inorganic salts which I enumerated in this comparison as 
examples, were those of the oxide of bismuth, the oxide of mer¬ 
cury, jmd of antimony. These undergo the said decomposition by 
■water even at the common temperature; tether, however, is first 
separated from a mixture of‘sulphuric acid and alcohol, or from 
sulphovinic acid, at a high temperature. 

There are, however, among the inorganic weak bases, a consi¬ 
derable number which are eliminated by water, from their combi¬ 
nations with acids only at a high temperature ; and the decompo¬ 
sition of the salts of these bases, by means of water, is tlferefore 
still more fit to be compared to the formation of icther. 

To these bases belongs more especially the peroxide of iron, 
which is precipitated by water ;i£ basic salt from solutions of 
most of its neutral salts at a high temperature. The weaker 
the solution of the ^ salt of peroxide of iron, the lower is the tem¬ 
perature which occasions precipitation, and the more completely 
is the peroxide of iron thrown down, so that with a certain dilution 
as M. Schema*’has shown,, scarcely a trace of the peroxide of iron 
remains in solution, but the entire quantity is separated as basic- 
salt. As stronger bases are not precipitated by water on boiling, 
this property of the peroxide of ir m has been employed -to sepa¬ 
rate it from the oxides of cobalt, nickel, and other metalsf. It 
uiav even be separated, by boiling the solution, from alumina, 
which, although it has with regard to its properties much similarity 
to the peroxide of iron, is evidently a stronger base ; this separation 
of alumina from the peroxide of iron by means of water at a high 
temperature, is of some importance to the arts, as in the fabrication 
of alum the peroxide of iron contained in the mother-liquor is 'pre¬ 
cipitated by mere boiling, and is thus more easy to separate from 
the alumina than the protoxide of iron, although the former, with 
sulphuric acid, and an alkali, forms an < alum which has quite an 
analogous composition with alumina-alum ; and, from being ISl,- 
morphous with that alum, could crystallize with it in all proportions. 

Several other bases have the same property as the peroxide of 
iron, which like it belong to the class of weaker bases, and iu$o 
several substances which act as bases towards stroftg acids, and 
also as acids towards strong bases, and which on that account are 
frequently classed among the affps. Among these are the oxi/Je,of 
zirconium, thorina, the peroxide of cerium, peroxide of tin, titanic 
acid, tellurous acid, columbic acid ; also in certain respects molyb- 
dic acid, tungstic acid, and vanadie acid. Several combinations of 
these oxides with acids are soluble m the cold in water, and arc 
precipitated from the solution, on boiling, as oxides or basic salts. 

Several of tin oxide's precipitated iri this manner possess, after 
precipitation by boiling, properties which they do not evince before 
their solution in acids Und precipitation ; they are more indifferent 
than before, are partly of difficult solution in acids, partly insolu¬ 
ble, and do not combine after precipitation with them, even when 
these are employed in a concentrated state. Titanic acid, peroxide 
of tin, and many others may be classed here. This peculiarity is. 
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in a certain degree analogous to that of •,ether, which, when it .has 
been onde separated by boiling from a mixture containing sulpho- 
vonig acid, appears not to combine directly with acids. 


LI. — On Galvanic results, in letters addressed Jo Prof. Sillinian, Octo¬ 
ber 4, 1838, and Avgust 6, front the eicinih/ of London ; by 

William Stuhheon, Esq. ' - 

9 HEM AUKS BY THE EDITORS. 

A very economical and efficient voltaic arrangement was 
adopted by several members of the London Electrical Society, and 
the report of the construction and performance of the battery, in a 
series of experiments performed at Clapham Common in the autumn 
of 1838, is contained in the report of Mr. Charles V. Walker, pub¬ 
lished in the Transactions of the London Electrical Society, in two 
papers dated October !(*, and November (>, 1838. fn allusion to 
this batteiy, Mr. Sturgeon observes, in his letter, of October }), 
1838:— * . 

“ A voltaic battery has been goi up (at the expense of two of our 
leading jnen, wlu>s.o*»ames 1 am not at liberty to mention,) for tile 
sole purpose of investigation. *i'he battery consists of one hundred 
and sixty porcelain pint jars, each containing a copper and zinc 
cylinder ; the latter being # £oveml with stout brown paper, i* in¬ 
troduced to the .inteiior of the copper, 'live exciting fluids are 
solutions of sulphate of copper and muriate of soda; the former 
applied to tlu* copper cylinders, and the Litter to the zinc ones. 
When the jars were in series the flame was upwards of an inch long, 
from a charcoal point, rotated on the poles of a magnet, according 
to the principles of electro-magnetism. Davy deflected tno electrical 
flame by magnetic influence, but I am not aware that he rotated it.” 
,0‘ Sulphuret of lead (galena) was decomposed, and metallic lead 
obtained. Sulphuret of antimony was decomposed, and the li¬ 
berated metal kept in fusion for several minutes. The boiling 
aJVbneny was three inchef long ami half an inch wide between the 
polar wires, and exhibited a beautiful speet&cle, in a channel of 
those dimensions which the action had formed in the native sul- 
pjjuret. Whei> the electric flump was directed through the air 
between stout copper polar wires, the posifive wire becaipe red hot, 
but the negative wire cftuld not be made red. The wires were 
made to change poles, still the same thing occurred: nay, even 
two inches of the positive wire, which was completely out of the 
circuit, was rendered hot, but no redness appeared on the nega¬ 
tive wire.' How exceedingly endows and iyteresting is this last result 1 

*‘ When the whole battery was formed into *eight groups of 
twenty jars each, and properly connected yrith an cleetro-gasom- 
Cter, the mixed gases were liberated from water at the rate of one 
cubic inch per seven seconds: and this for many successive minutes, 
although the battery bad been in action for seven previous hours # 
without interruption.” # 
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In his letter of August 6, I S3!), Mr. Sturgeon proceeds to ob¬ 
serve, that a good description of the apparatus and experiments 
will be found in the memoir above named, and of which he kindly 
transmitted a copy. But he remarks: “ there are some particulars 
connected with the discovery of the difference of temperature, pro¬ 
duced in the positive aqd negative wires, which want a clearer de¬ 
scription than any given by Mr. Walker, or, perhaps any which that 
gentleman had then a means of giving; and, as I find, from the 
defective information which has been given of this particujar dis¬ 
covery on the continent of Europe, that M. De la Rive and others, 
have failed in reproducing the curious phenomenon, it is possible 
that the American philosophers may also fail from a like cause, 
were the particulars of manipulation not made known to them. I 
will, therefore, for the information of all the readers of your excel¬ 
lent journal, give a brief historical sketch of the whole business. ’ 
“ The battery consisted of a hundred and sixty white porcelain 
jars, each of the capacity of about two thirds of a pint, and furnished 
with a hollow cylinder of sheet copper, and an interior hollow cy¬ 
linder of sheet zinc, the latter amalgamated, and in metallic con¬ 
nexion with the copper of the next pot, &e. The copper and zinc 
of each pot were separated from i ach other by a diaphragm of 
brown paper, (a disc, on the centre of winch is placed the .centre of 
the^ase of the zinc cylinder, and the periphery brought up to the 
upper end of the latter so as to form a bag round the zinc.) which 
separates the solution of sulphate of copper, which is placed outside , 
from the solution of common salt, which is placed inside of it. 
Hence the copper is washed with its sulphate solution, and the zinc 
with the muriate of soda solution. 

“ One hundred of these metals and pots were furnished bv Mr. 
Gassiot, and the other sixty by Mr. Mason. The preparation of a 
battery of this kind and extent is a gre.u labour, as you will un¬ 
derstand from the following particulars. Mr. Walker commenced 
working at it between eight and pine in the morning; Mr. Mason 
arrived about eleven in the forenoon, an:l immediately set to work 
at it; Mr. Gassiot commenced shortly afterwards, and it was not 
ready for experiment till three in the afternoon, about an hour and 
a half after 1 arrived at Mr. (iassiot's house. The plan of dividing 
the battery into groups for the experiments on decompositions sues 
formed by Mr. Mason, who is a very skilful and neat experimenter. 

“At a previous meeting I was requested to provide a catalogue of experiments, 
which I did; but in consequence of tho great length of time occupied in the ex¬ 
periments on the decomposition of wntci bv the various forms of the battery, 
only a lew of them were, attempt'd. As the decompositions uro very well des 
oribed hv Mr. Walker, it would be unnecessary to say anything more about them 
|,i this place. Th'-Jr were carried on with great exactness in the following man. 
ner. The graduated glass tube of the electro-gasometer being filled with acidu¬ 
lated water and inverted ov«r tho platiuum terminals of the instrument, one of 
tho polar wires of the battery was connected with it, and tot* other kept in the 
hand of the experimenter ready to plunge into the other mercurial cup of the 
instrument tho moment, the word “ time" was given, and token out again when a 
cubic inch of the gases was police ted. 

“ With regard to the experiment in which l disoveged the great 
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difference produced in the two polar wires, it was undertaken from 
.the views which I had long entertained concerning the non-identity 
of the electric and calorific matter, a= you will see I have hinted at, 
at the close of section 1, of my first memoir to the London Elec¬ 
trical Society. It was late in the evening before I had «nny oppor¬ 
tunity of making the experiment. The rest of the party were en¬ 
gaged in something else at the time, and the battery was in series 
of one hundred and sixty pairs. I brought the tip ends of the polar 
wires (copper wire one tenth of an inch diameter) into contact, 
end to*end, then withdrew them gently and very gradually from 
each other, keeping the flame in full play between them till they 
were separated about onc-fourth of an inch. In a few minutes the 
positive wire got red hot for half an inch, but the negative 
wire never became red. I repeated this several times, in order to 
be convinced of the fact. I next laid the wires across one another, 
and brought them into contact about an inch from the extremities, 
and separated them as before. In a short time the whole of 
that part of the positive wire from the point of crossing to the extre¬ 
mity, became very red hot, but the negative end never got even to*a 
dull redness. It was certainly very hot, but never higher than a black 
heat. I' nexJr increased the length of the ends of the wires exterior to 
the circuit; and eventually heated two inches of the positive wire 
to bright redness ; but n<f sy.ch heat took place on the other 'yire 
Thi*s satisfying myself that I was not mistaken, I called Mr. 
Mason to come Jlnd look at it: anti after satisfying that gentle¬ 
man by an experiment or two, we called Mr. (lassiot and Mr. 
Walker to come and witness the novel phenomenon. We now 
changed the places of the polar wires, making that positive winch 
before had been negative, &e. Still the positive wire showed 
the same fact. You will easily understand that I experienced a 
great degree of pleasure «at the appearance of this beautiful fact, 
winch seemed to demonstrate the justness of the hypothesis I had 
so long formed. A’o two bodies can be in the same place at the 
same time, is an old axioiy in philosophy. Hence the blacksmith 
is\nal11ed to heat his iron rod or nail, by compressing the calorific 
matter; the Blows of his hammer forcing it from the cavities into 
the particles of the metal. Thus, also, the electric fluid forces the 
cafctfific matter from its natural lodgings in the conductor, and 
drives it on even to beyoipl the electrical stream, to take refuge, in 
a compressed form, in the extremity of the positive wire. Nothing 
can be more simple to explain; nor do I know of an experiment 
that tends more to support the doctrine of one species of electric 
matter only; and that it runs through the voltaic conducting wires, 
, from the positive to the negaflve pole. * • 

u To produce the phenomenon I have been describing, requires 
an extensive series of pairs ; certainly not less than one hundred 
and twenty, but two hundred would answer much better, as much 
depends upon the play of the fluid between the wires ; and I think 
that the battery is quite as well when not highly charged. I have 
mentioned one hundred and twenty as the shortest to insure success, 
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although it i« possible that one hundred might show the fact." 

The following remarks, in answer to inquiries made of Mr. Stur¬ 
geon as to his views regarding the best forms of galvanic batteries, 
are worth preserving, as the conclusions of so experienced an expe¬ 
rimenter, .fnd the more so as they coincide generally with the views 
of Dr. Hare, and of other distinguished men in this country.— Eds. 

Form and size of Galvanic Bail cries. 

“With respect to galvanic batteries, we can never expect to find 
one which will exhibit every class of phenomena to the best^advaii- 
tage. The pile, witli moistened card board in pure water, or a well 
constructed Cruikshank, charged with water, answers best for 
charging Leyden jars, deflections of pith balls, &e. And the more 
extensive the series the better. The size of the plates has also 
much to do in this -business. A single pair of plates, charged 
with dilute nitrous acid, answers best for most electro-magnetic 
experiments. Tor a display of brilliant calorific jfhonotnena, the 
burning of charcoal, deflagration of laminated metals, &c, a 
series of not less than a hundred ‘pairs answers better than any 
smaller series.. Here again, the size of the plates should never he less 
than four inches square. Six inch plates answer-much better, and two 
hundred better than one hundred, flic. And these may be either of 
the Cruikshank form, or of any other, observing that the action witli 
the,former is of much shorter duration than with the Wollaston 
form, t and shorter with the Wollaston than with the battery bdfore 
described. r 

“ Then again, for heating of thick wires, a series of ten or less, 
of large, plates , are better than more extensive series. 

“ for chemical decompositions, there is, perhaps, no battery 
known so well adapted for them as the jars which I have de¬ 
scribed. Their sustaining power is a great recommendation. The 
extent of series will necessarily vary with the nature of the com¬ 
pound operated on. We have found that a series of twelve jars 
gives a sufficient intensity lor the decomposition of acidulated 
water, (water*10, sulphuric acid 1, or even much less.) Twenty- 
four jars in a double*series of twelve, give about tyviee as much 
gas as a single series of twelve, iiut twenty-four jars in a single 
series do not give so much gas as when they form a double se¬ 
ries of twelve. Again? thirty-six jars in one scries, do not give 
so much gas as when they are formed into a treble series of 
twelve. Hence a series of twelve of these jars seems to be about 
the best unit of intensity for acidulated wat'*r. Other compounds 
will require other units of intensity to produce maximum effects— 
and other batteries will require different extent of series to pro¬ 
duce the same it nit of intensity as that produced by the jars.’'— ■ 
hitler to Prof. Hillman.—(From Silliman's Journal.) 
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BRITISH ASSOCIATION PROCEEDINGS 

AT GLASGOW, 1840. 

GENERAL MEETING.— Tiichsday, September 24. 

In consequence of the abseuce of the Itev. Vernon Harcourt, the 
President of the past year, the Marquis of Northampton took the 
chair. He lamented the unavoidable absence of Mr. Harcourt, who 
had taken so active a share in the formation of the Society, and had 
been one of its most zealous supporters. He congratulated the 
Association on assembling in a city equally remarkable for its ex¬ 
tensive commerce and great manufacturing industry, and the seat 
of an ancient university, which had rendered eminent service to the 
united cause of literature, science, and.humanity. Glasgow, the 
native town of Watt, had taken the lead in the pi actical application 
of steam as a moving power, and the animating display of steamers 
on the Clyde united the triumphs of art to the most romantic scenery 
of nature. He felt great pleasure in introducing their new Presi¬ 
dent, the*Marquis of Brdadalbane • and, after a brief referents to 
the services which the Association had rendered to science, he re¬ 
signed the chair. * • 

The Marqui% of Breadalbane, on taking the clmir, stated his sense 
of the honour conferred on him, and observed, that it was untliought 
of, and unlooked for on his part; and he was afraid he had no claim 
to it, save that of one who had a firm conviction of the fast import¬ 
ance and value of science, and an earnest wish to support its best 
interests by every mean# in his power. It was unnecessary, he 
olaserved, in such a meeting, composed as it was of some of the 
greatest ornaments of our own country, and many of the highest 
character in science in foreign countries, to dilate on that bond of 
urnbn *which it presented for promoting the»great object—the in¬ 
vestigation of*truth. The British Association had conferred great 
and valuable benefits upon the nation, and even the world at large. 
Hi adverted to the propriety of such a melting being held in Glas¬ 
gow, a city combining in jtself more perhaps than any other in the 
empire, the elements of national wealth—commerce and manufac¬ 
tures. He then called # on Mr. Murchison to read— 

The Address of the General Secretaries . 

* * « 

In entering upon the duty assigned to us, we heartily congratu¬ 
late our associates on this our second assembly in Scotland. As on 
our first visit, we were sustained by the intellectual force of the 
metropolis of this kingdom, so now, by visiting the chief mart of 
Scottish commerce, and an ancient seat of learning, we hope to 
double the numbers of our northern auxiliaries. 

• 2 Y 
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Supported. by a fresh accession of the property and intelligence 
of this land, we are now led on by a noble Marquis, who, disdain¬ 
ing not the fields we try to win, may be cited as the first Highland 
chieftain who, proclaiming that knowledge is power, is proud to 
place himself at the head of the clans of science. 

If such be our chief, what is our chosen ground? Raised through 
the industry and genius of her sons, to a pinnacle of commercial 
grandeur, well can this city estimate lier obligations to science ! 
Happily as she is placed, and surrounded as she is by earth's fairest 
gifts, she feels how much her progress depends upon an acquaint¬ 
ance with the true structure of the rich deposits which form her 
subsoil; and, great as they are, she clearly sees that her manufac¬ 
tures may at a moment take a new flight by new mechanical 
discoveries. For she it is, you all know, who nurtured the man 
whose genius has changed the tide of human interests, by calling 
into active energy a power which (as wielded by him*), in abridging 
time and space, has doubled the value of human life, and lus estab¬ 
lished for his memory a lasting claim on the gratitude of the civilized 
world. The names of Watt and Glasgow arc united in imperishable 
records! 

In such a city then, surrounded h, such recollections; encouraged 
by an ullustrious and time-honourecl University, and fostered by 
the ^mcieot leaders of the people, may we not augur that this 
meeting of the British Association shall rival the; most useful of our 
previous assemblies, and exhibit undoubted proofs of the increasing 
prosperity of the British Association ? 

Not attempting an analysis of the general advance of science in 
the year that has passed since our meeting at Birmingham, we shall 
restrict ourselves, on the present occasion, to a brief review of what 
the British Association has directly effected in that interval of time, 
as recorded in the last published volume of our Transactions. 
From this straight path of our duty we shall only deviate in 
offering a few general remarks Qn subjects intimately connected 
with the well being and dignity of our Institution. , 

One of the most important—perhaps the most important service 
to science—which it is the peculiar duty of the Association to 
confer, is that which arises from its relation to the, Government— 
the right which it claims to make known the wants of science,-.and 
to demand for them that aid which it is beyond the power of any 
scientific body to bestow. In the fulfilment of this important and 
responsible duty, the Association has continued to act upon the 
principle already laid down in the Address of the General Secre¬ 
taries at the Meeting at Newcastle in 1838, namely, to seek the aid 
of Government <-in no case" of doubtliil or minor importance ; and 
to seek it only when the resources of individuals, or of individual 
bodies, shall have proved unequal to the demand. The caution 
which it lias observed in this respect has been eminently displayed 
in the part ypliich it has taken with reference to the Antarctic ex¬ 
pedition, and to fjhe fixed Magnetical Observatories. It abstained 
from recommending the former to the GovermrCent until it had 





371 


British Association Proceedings. 

called, for and obtained from Major Sabine, by whom the import¬ 
ance of such an expedition was first urged, a report in which that 
importance was placed beyond all doubt; and it withheld from 
urging the latter, although its necessity was fully felt by some of 
its own members, until the letter of Baron Humboldt td the Duke 
of Sussex gave authority and force to its recommendation. 

The delay which has in consequence occurred, has been pro¬ 
ductive of signal benefit to each branch of this great twofold 
undertaking. Since the time alluded to, our view of the objects of 
investigation in terrestrial magnetism have been greatly enlarged, 
at the same time that they have become more distinct. Major 
Sabine's memoir on the Intensity of Terrestrial Magnetism, has 
served to point out the most interesting portion of the surface of 
the globe as respects the distribution of the magnetic force, and 
has indicated, in the clearest manner, what still remained for 
observation to perform: and the beautiful theory of M. Gauss, 
which has been partly built upon the data afforded by the same 
memoir, while it has assigned *the most probable configuration of 
the magnetic lines of declination, inclination, and intensity, has 
done the same service with respect to all the three elements. 

In anoth<?r point of view, affeo, delay has proved of great value 
to both branches of the undertaking, but more especially to the 
fixed observatories. Our •means of instrumental research fcave, 
since the time of their first projection, received great improvements, 
as well in their a*dequacy to the objects of inquiry, as in their pre¬ 
cision ; and finally, the two great lines of inquiry—the research of 
the distribution of terrestrial magnetism on the earth’s surface, and 
the investigation Of its variations, secular, periodic, and irregular,— 
have been permitted to proceed pari passu. * 

Last of all, the prudent caution, and vigilant care, which the 
tw/> great scientific bodic# have exhibited, both in the origin and 
progress of the undertaking, have naturally inspired the govern¬ 
ment with confidence ; and while on the one hand science has not 
hesitated to demand of the country all that was requisite to give 
etm\pletcness # to a great design, so on the otlaer, the government of 
the country has not hesitated to yield, with a liberal and un¬ 
sparing hand, <jvery request the importance of which was so well 
guaranteed. » 

But, while we thus enumerate the benefits which have resulted 
to magnetical science from the delay, it must be also acknowledged 
that something has begn lost also, not to science, but to British 
glory. Although terrestrial^nagnetism stood forward as the pro¬ 
minent object of the Antarctic expedition, yet it was also destined 
►-•to advance our knowledge of the “physique difiglobe," in all its 
branches, and especially in that of geography. Had the project 
of an Antarctic expedition been acceded to when it was first pro¬ 
posed, viz., at the meeting of the British Association in Dublin, in 
1 885, there can be no reasonable doubt, that a discovery, which, 
by its extent, may almost be designated a Southern Continent, ‘ 
situated in the tfcrv region to which its effort" were to Ifave been 
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chiefly directed, must have fallen to its lot; and the flag 'of 
England been once more the first to wave over an unknown land. • 
But wljile, as Britons, we mourn over the loss of a prize which it 
well became Britain and British, seamen to have made their own, 
it is our part too as Britons, as well as men of science, to hail the 
great discovery—one of the very few great geographical discoveries 
which remained unmade;—and to congratulate those by whom it 
has been achieved, those whom we are proud to acknowledge as 
fellow-labourers, and who have proved themselves in this instance 
our successful rivals in an honourable and generous emulation. 

The caution which has characterized the British Association in 
the origination of this great undertaking, has been followed up by 
the Royal Society in the manner in which it has planned the details, 
and in the vigilant care with which it has watched over the execu¬ 
tion. Of the success which has attended this portion of the work, 
the strongest proof has been already given in the unhesitating 
adoption of the same scheme of observation by many of the conti¬ 
nental observers, .and in the wide extension which it has already 
received in other quarters of the globe. All that yet remains is to 
provide for the speedy publication of the results. The enormous 
mass of observations which will be gathered in, in the course of 
three years, by the Observatories established under British auspices, 
and by the Antarctic expedition, will rentier this part of the task 
one of great expense ami labour. To ifieet the former, we must 
again look to the Government, and to the East India Company, 
who will certainly not fail to present the result of their munificence 
to the world in an accessible form. The latter can only be over¬ 
come by a well organized system. The planning of this system 
will, of coin se, be one at the first duties of the Royal Society; and 
it is important that it should be so arranged, that while every 
facility in the way of reduction may be given to those who shall 
hereafter engage in the theoretical discussion of the observations, 
care is taken at the same time that the data are presented entire, 
without mutilation or abridgment. The Council of the Royal 
Society will, doubtless, be greatly assisted in this duty by the 
eminent individual who has had in every way so large a share in 
the formation of these widely scattered magnetic establishments, 
and whose own Observatory, founded by the munificence of’the 
Dublin University, has nearly completed twelve months' magnetic 
observations on that enlarged and complete system of which it set 
the first example. 

In referring, as we have done, to those most valuable services 
which the Royal Society have rendered, and Are continuing to 
render, in directing and superintending the details of this groat 
undertaking in both its branches, it is right that, on the part of the 
British Association, we “should express the cordial satisfaction and 
delight with which we witness their exertions, united with our owh 
in tuts common cause ; nor should we omit to recognize how much 
this desirable concurrence has been promoted by the influence of 
the noble President of the Royal Society, the Marquis of Nor- 
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thrfmpton, .whom, as on so many former occasions, «we have’the 
• pleasure of seeing amongst us, as one of our warmest supporters 
and* most active members. 

In the volume of our Transactions now under notice, is con¬ 
tained the memorial presented to Lord Melbourne bf the Com¬ 
mittee of the British Association, appointed to represent to her 
Majesty's Government the recommendation of the Association on 
the subject of terrestrial magnetism. This memorial is one of many 
services which have been rendered to our cause, by Sir John 
Herstfiei, whose name, whose influence, and whose exertions, since 
our meeting two years since at Newcastle, have largely contributed 
to place the subject where it now stands. The devoted labour of 
other of our members has long been given to an object which they 
have had deeply at heart, viz. the advancement of the science of 
terrestrial magnetism ; but the sacrifice which Sir John Herschel 
has made of time, diverted from the great work in which his ardent 
love of astronomy, his own personal fame, and his father’s memory, 
are all deeply concerned, the more urgently demands from our jus¬ 
tice a grateful mention,—because the science of magnetism had no 
claim on him, beyond the interest felt in every branch of science, 
by one to whom no part of its 'Jride field is strange, and the regard 
which a national undertaking such as this deserved, from the per¬ 
son who occupies his distinguished station amongst the leaders of 
British science. 

The advancement of human knowledge, which may be reckoned 
upon as the certain consequence of the Antarctic expedition (should 
Providence crown it with success), and of the arrangements con¬ 
nected with it, is\>f so extensive a nature, and of such incalculable 
importance, that no juster title to real and lasting glory" than it may 
be expected to confer, lias been earned by any country, at any 
period of time; nothing has ever been attempted by England more 
worthy of the place which she occupies in the scale of nations. 
When much which now appears, of magnitude in the eyes of poli¬ 
ticians has passed into insignificance, the fruits of this undertaking 
wftl distinguish the era which gave it birth, und, engraved on the 
durable records of science, will for ever reflect honour on the scien¬ 
tific bodies which planned and promoted it, and on the Government, 
wfeiali, with so much liberality, has carried it into effect. 

Were the value of tliio association, gentlemen, to be measured 
only by the part which it has taken in suggesting and urging this 
one object, there might here be enough to satisfy the doubts of 
those who question its utility*: to overlook such acts as these, and 
the power of public usefulness which they indicate, to scrutinize 
„» -with microscopic view the minute defects incidental to every nu¬ 
merous assemblage of men, to watch with critical fastidiousness the 
taste of every word which might be uttered by individuals amongst 
us, instead of casting a master’s eye over the work which has been 
done, and is doing, at our meetings, is no mark of supcrioi discern- # 
ment and comprehensive wisdom, but is evidence rather of con¬ 
finement to narrow views, ami an indulgence of vain ancf ignoble 
passions. 
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But to proceed with our useful efforts. One of tlie principal 
objects of our annual volumes is the publication in the jnost au- 
thentic,form of the results of special researches, undertaken by* the 
request, and prosecuted in many instances at the cost, of the Asso¬ 
ciation. It*is a trite remark, that if a man of talent has but fair 
play, he will soon secure to himself his due place in public estima¬ 
tion. We fully admit the truth of this in many instances, and 
above all where the points of research are connected with commerce 
and the useful arts; but many also are the subtile threads of know - 
ledge, which, destined at some future day to be woven ifito the 
great *web in which all the sciences are knit together, are yet not 
appreciable to the vulgar eye, and, if simply submitted to public 
judgment, would too often meet with silent neglect. Number¬ 
less, wo say, are the subjects (and if your Association exceeds 
a centenary, still mpre numerous will they be) with which the 
retired and skilful man may wish to grapple, and still be de¬ 
terred by his want of opportunity or of means. Then is it that, 
adopting the wei 1 -balanced .recommendations of the men in whose 
capacity and rectitude you confide, you step forward with your aid, 
and bring about these recondite researches, the, result of which in 
the volume under our notice we now proceed to consider. ' 

The first of these inquiries to w hich we advert, you called for at 
the lpmds of Prof. Owen, upon ft British Fossil Reptiles*” one of 
the branches of Natural History, cm a correct knowledge of which 
the developement of Geology is intimately dependent. 

The merits of the author selected for this inquiry are now' 
widely recognized, and he has, with justice, been approved as. the 
worthy successor of John Hunter, that illustrious Scotchman who 
laid the foundation of comparative anatomy in the British isles. 
That this science is now taking a fresh spring, would, we are per¬ 
suaded. be the opinion of Cuvier himself>could that eminent mpn 
view the progress which our young countryman is making towards 
the completion of the temple of # whicl» the French naturalist was 
the great architect. It is theiefore a pleasing reflection, that wliijn 
we solicited Professor 4")wen to work out this subject, we did'dot 
follow in the wake of Europe's praise, but led the way (as this 
Association ought always to do), in drawing forth thf man of genius 
and of worth ; and the walue of our choice has been since stamptd 
by the approval of the French Institute. » 

If Englishmen* first perceived something of the natural affinities 
of Palaeosaurians, it was reserved for Cuvier to complete all such 
preliminary labour. The publication*of his splendid chapters on 
the Osteology of the crocodile and other reptiles, drew new atten¬ 
tion and more intelligent scrutiny t<5 these remains; and it ought* 
to be a subject of honest pride to us to reflect that the most interest¬ 
ing fruits of the researches of that great anatomist were early 
gathered by the English paleontologists, Clift and Home. One of 
our leaders, whose report on Geology ornaments the volumes of this 
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Association, formed the genius Plesiosaurus, on an enlarged tfiew 
of the relation subsisting between the ancient and modern forms of 
reptile life; while shortly alter Auckland established the. genus 
Mcgalosaurus, and Mantell, Iguanvdon and Ihjlwosaurus, worthy 
rivals of the Geo Sauri and Moso Sauri of Cuvier- 1 The other 
Englishmen who have best toiled in the field, are De la Beche, 
Hawkins, and Sir Philip Egerton. 

Yet although this report is on British reptiles, we are fully alive 
to the^great progress which this department has made, and is 
making, on the Continent, through the labours of Count Munster, 
Jiiger, and Hermann Von Meyer. The last-mentioned naturalist 
has been for some time preparing a series of exquisite drawings of 
very many forms unknown to us in England, most of which have 
been detected in the Muschelkalk, a formation not hitherto dis¬ 
covered in the British isles. Yet despite of ell that had been ac¬ 
complished inmur own country or elsewhere. Professor Owen has 
thrown a new light of classification on this subject, founded on 
many newly-discovered peculiarities of osseous structure, and has 
vastly augmented our acquaintance with new forms, by describing 
sixteen species of Plesiosauri, three of which only had been reeog- 
nizably described by other writers; and ten species of Ichthyosauri, 
(ive of which are new to science. Such results were not to be 
obtained without much labour; and previous to drawing un his 
report, Professor Owen had visited the principal depositaries of 
Enaliosauri described by foreign writers, as well as most of the 
public and private collections of Britain. This, the first part of 
Mr..Owen’s report, concludes with u general review of the geolo¬ 
gical relations and extent of the strata through which lie has traced 
the remains "of British Enaliosauri. The materials which he has 
collected for the second and concluding portion of his report, on 
tljg terrestrial and crocodttean sauria, the Chelonia, Ophidian, and 
Batrachian reptiles, are equally numerous, and the results of these 
researches will be laid before the*Association at our next meeting. 
Deeply impressed as we are with the value of this report, we can¬ 
not conclude a notice of it without again allnding to its origin, in 
the words of Professor Owen himself: “ I could not,’’ says he, 
“ have ventured to have proposed to myself the British Fossil 
Rq.dlia as a subject of continuous and systematic research, without 
the aid and encouragement which the British Association has liber¬ 
ally granted to me fo» that purpose.” 

Mr. Edward Forbes, whose labours in detecting the difference of 
species and varieties among' the existing marine testacea of our 
shores have been most praiseworthy, has on this occasion given us 
A report “ On the Pulmoniferous Mollusca of tHb British Isles.” 
The variations in the distribution of the species in this class of 
animals, are shown by him to depend both upon climate and upon 
soil, the structure of the country (or geological conditions) having 
quite as much share in such varied distribution as the greatest 
diversity of temperature. The Association has to thank the author * 
for valuable tables, which show both the distribution of tin* pulmo- 
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niferous molusca in our islands, and their relations to those‘ of 
Europe generally. 

From zoological researches let us now turn to physical geology. 
One of the most interesting fruits of modern experimental research, 
is the knowledge of the fact, that electrical currents are in continual 
circulation below the surface of the earth. Whether these currents, 
so powerful in developing magnetical and chemical phenomena, are 
confined to mineral veins and particular arrangements of metal and 
rock, or generally capable of detection by refined apparatus well 
applied, appeared a question of sufficient importance to deserve at 
leaBt a trial on the part of the Association. Our present volume 
records the result of such a trial on the ancient and very regularly 
stratified rocks of Cumberland, consisting ot limestone, sandstone, 
shale, and coal, so superimposed in many repetitions as to resemble 
not a little the common arrangement of a voltaic pile. Varied ex¬ 
periments, with a galvanometer of considerable delicacy, failed to 
detect, in these seemingly favourable circumstances, f any electrical 
current. • * 

‘The extensive and rapidly increasing 'applications of iron to public 
and private structures of all kinds in which durability of material is 
a first requisite, have made it highly desirable to possess accurate 
information respecting the nature of the chemical forces which effect 
the destruction of this hard and apparently intractable metal. The 
preservation of iron from oxidation and corrosion, is indeed an ob¬ 
ject of paramount importance in civil engineering. * The Association 
was therefore anxious to direct inquiry to this subject, and gladly 
availed itself of the assistance of Mr. Mallet, a gentleman peculiarly 
qualified for such investigations, both from hisf knowledge as a 
chemist, and from his opportuities of observation as a ‘practical en¬ 
gineer. An extensive scries of experiments has accordingly been 
instituted by him, with the support of the*Association, on the action 
of sea and river water, in different circumstances as to purity and 
temperature, upon a large number of specimens of both cast anti 
wrought iron of different kinds. These experiments are still ip pro¬ 
gress, and the effects are observed from time to time. They will 
afford valuable data for the engineer, and form the principal object 
of the enquiry, but a period of a few years will be Required for its 
completion. In the meantime, Mr. Mallet has furnished a report an 
the present state of our knowledge of the subject, drawn from vari¬ 
ous published sources, and from his own extensive observations. 
In this report he examines very fully the general conditions of the 
oxidation of iron, and how this operation is greatly promoted, al¬ 
though modified in its results, by sea-water; also in what manner 
the tendency to Corrosion is affected by the composition, the grainy 
porosity, and other mechanical properties of the different commer¬ 
cial varieties of iron. *The influence of minute quantities of other 
metals, in imparting durability to iron, is also considered. Mr. 
Mallet devotes much' attention to the consequences of the galvanic v 
‘association of different metals with iron, a subject of recent interest 
from the v applications of zinc and other metals to pihtect iron, which 








